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REMARKS 

I. Preliminary Comments and Amendments to the Specification 

Applicants note, with gratitude, the withdrawal of the previous rejections and the 
entry of the amendment correcting the obvious typographical error. 

Applicants hereby amend independent claim 6 in accordance with the suggestion of 
the Examiner to delete the recitation of "correlating said change in expression level, mutation 
or rearrangement with a standard indicative of a hyperproliferative disease to determine the 
occurrence of a hyperproliferative disease" and recite in its place "wherein said change in 
expression level, mutation or rearrangement is indicative of hyperproliferative disease." No 
new matter is introduced by this amendment, and it is submitted that the amendment places 
the claims in condition for allowance. 

II. Subject Matter of the Invention 

The present application relates to the discovery that the ELP protein is a tumor 
suppressor (see page 6, lines 3-30, and Example X, page 35, lines 1-30), and that alterations 
in expression levels of ELP, mutations in the nucleic acid sequence encoding an ELP protein, 
or rearrangements in the genomic elp locus correlate with altered tumor suppressor activity 
and, consequently, with hyperproliferative diseases or a predisposition thereof. {See page 9, 
line 31 - page 1 1, line 9). In addition, Applicants have provided methods of analyzing 
samples of subjects to identify abnormalities in ELP, either in protein or mRNA expression 
or in mutations of the DNA sequence, as a means of identifying a hyperproliferative disease. 
{See Example XI, page 35, line 33 - page 36, line 22). 

III. Outstanding Rejections 

Claims 6-12 stand rejected under 35 U.S.C. §112, first paragraph, for lack of written 
description. 

Claims 6-12 stand rejected under 35 U.S.C. §112, first paragraph, for lack of 
enablement with respect to detection in body fluid samples. 



6 



Application No. 10/509,558 

Amendment dated September 6, 2006 

Reply to Notice of Non-Compliance of August 28, 2006 



Docket No.: 27656/38365A 



IV. Patentability Arguments 

A. Rejection of Claims 6-12 under 35 U.S.C. §112, First Paragraph (written 
description). 

The rejection of claims 6-12 for lack of written description/new matter should be 
withdrawn in light of the amendment of independent claim 6 to delete the recitation of 
"correlating said change in expression level, mutation or rearrangement with a standard 
indicative of a hyperproliferative disease to determine the occurrence of a hyperproliferative 
disease" and substitution in its place of the language "wherein said change in expression 
level, mutation or rearrangement is indicative of hyperproliferative disease" as suggested by 
the Examiner. No new matter is introduced thereby, and it is submitted that the rejection for 
lack or written description/new matter for the language previously submitted may be 
withdrawn. 

B. Rejection of Claims 6-12 under 35 U.S.C. SI 12, First Paragraph (enablement). 

Applicants note, with appreciation, the withdrawal of the previous rejections 
(including rejections for lack of enablement) and the acknowledgement by the Examiner at 
page 4 of the Action that the disclosure is "enabling for a method of the identification of a 
hyperproliferative disease, which comprises detecting a change in ELP mRNA or protein 
expression levels from a tissue sample. . ." 

Applicants submit that their disclosure also enables those of ordinary skill in the art to 
practice the method of identification of a hyperproliferative disease in a body fluid. While 
the specification provides no examples for measuring Elp gene sequence or expression at the 
RNA or protein levels in bodily fluids, such methods were well known in the art and are 
expected to function according to Applicants' invention. Not only does the scientific 
literature show that the analysis of bodily fluids for the diagnosis of non-hematopoetic tumors 
was well accepted but the specific concerns voiced in the Action that the tumor cell antigen 
expression might be down-regulated or lost are misplaced. 

The art teaches that cells disseminate from non-haematopoetic tumors and can be 
found in serum and bone marrow as well as other bodily fluids. There were (and are) 
numerous publications confirming the presence and the validity of the detection of tumor 
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cells in bodily fluids. Such cells can obviously resist for a long time and can be the cause of 
a spreading of the cancer through formation of metastasis. Two examples of such 
publications impressively demonstrate the presence of disseminated cells from non- 
haematopoetic tumors in the bodily fluids: 

Kasimir-Bauer et aL, 2001 : This group investigated the presence of disseminated 
breast cancer cells even after high-dose chemotherapy and indeed such cells could be found 
in the bone marrow. 

Lauschke et al., 2001 : This group investigated the presence of mutations in the 
oncogene K-ras and the tumor suppressor gene APC in serum DNA of colon cancer patients. 
Whereas, K-ras (oncogene) mutations were difficult to find in serum, APC (tumor suppressor 
gene) mutations were detected in 80% (20/25) in the serum of patients with APC mutations in 
the primary tumor. Beside this significant result, the group could detect the presence of 
mutant DNA in the serum 10 days after surgical removal of the tumor which led them to 
conclude that cells or at least mutant DNA of disseminated cells are not rapidly cleared from 
the blood. 

Submitted herewith is the Declaration of Barbara Froesch, Ph.D. (Exhibit 1) stating 
that it was well established at the time of applicants 5 invention that analysis of bodily fluids 
was a reliable measure to diagnose tumors. A review of the scientific literature demonstrates 
that the analysis of bodily fluids such as saliva, serum, urine, peritoneal fluid and bone 
marrow for DNA and other markers could be used for the diagnosis of non-haematopoetic 
tumors like lung, renal and gastric cancers as set out in the publications below: 



Publication 


Set-up 


Result 


Hibi et al., "Molecular 
Detection of Genetic 
Alternations in the 
Serum of Colofectal 
Cancer Patients," Cancer 
Research 58: 1405-1407 
(1998) 


Microsatellite analysis of 
genetic alterations in 
serum DNA obtained 
from 44 colorectal cancer 

patients. 


"Taken together, either a K- 
ras or p53 mutation was 
detected in the serum in 40% 
of the 25 patients (95% 
confidence interval, 21- 
61%), whose primary tumors 
contained a mutation and in 
23% of the 44 patients (95% 
confidence interval 12-38%) 
with colorectal cancer. The 
frequent detection of p53 
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mutation in the serum of 
patients with early stage 
tumor suggests a possible 
use of this approach for 
clinical prognosis and cancer 
monitoring of colorectal 
cancer patients." 


El-Naggar et aL, 
"Genetic heterogeneity 
in saliva from patients 
with oral squamous 
carcinomas : implications 
in molecular diagnosis 
and screening," JMol 
Diagn, 3(4): 164-70 
(2001). 


Microsatellite analysis of 
head and neck squamous 
carcinoma (HNSC) on 
saliva and matched tumors 
in 37 patients. 


-"epithelial cells in 
saliva[. . .Jprovide suitable 
material for genetic 
analysis" 

-in 49% of patients genetic 
alterations (LOH) could be 
detected in saliva 


Spafford et aL, 
"Detection of head and 
neck squamous cell 
carcinoma among 
exfoliated oral mucosal 
cells by microsatellite 
analysis," Clin Cancer 
Res. 7(3):607-12(2001). 


Microsatellite analysis of 
saliva in head and neck 
squamous cell carcinoma 

(HNSCC) patients. 


Microsatellite instability was 
detected in 96% and LOH in 
61% of cases with 
corresponding genetic 
alterations in the primary 
tumors. 


Lauschke et al., 
"Detection of APC and 
k-ras mutations in the 
serum of patients with 
colorectal cancer," 
Cancer Detect Prev. 
25(1):55-61 (2001). 


Detection of K-ras and 
APC mutations in serum 
DNA of colon cancer 
patients. 


K-ras mutations only found 
in the serum of 6/22 patients 
but APC mutations found in 
serum of 20/25 patients 


Schott et aL, "Isolated 
tumor cells are 
frequently detectable in 
the peritoneal cavity of 
gastric and colorectal 
cancer patients and serve 
as a new prognostic 
marker," Ann Surg. 
227(3):372-9(1998). 


Bone marrow or 
peritoneal cavity fluid of 
gastric or colorectal 

patients were investigated 
immunocytochemically. 


Little prognostic 
significance of positive bone 
marrow results but high 
correlation of results from 
peritoneal cavity fluid and 
survival rate. 
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Kersting et al., 
"Differential frequencies 
of pl6(INK4a) promoter 
hypermethylation, p53 
mutation, and K-ras 
mutation in exfoliative 
material mark the 
development of lung 
cancer in symptomatic 
chronic smokers," J Clin 
Oncol. 18(18):3221-9 
(2000). 


Sputum analysis in lung 
cancer patients for p53, 
K-ras and pi 6. 


Differences on DNA level 
could be detected in 14-51% 
of patients if the markers 
were analyzed individually 
but in 69% if the markers 
were combined. 


Eisenberger et al., 
Diagnosis of renal 
cancer by molecular 
urinalysis," J Natl 
Cancer Inst. 91(23): 
2028-32(1999). 


Microsatellite alterations 
in urine and serum of 
renal cancer patients. 


Alterations could be found 
in 76% of urine samples and 
60% of serum samples. 


Vogel et al., 
"Disseminated tumor 
cells in pancreatic cancer 
patients detected by 
immunocytology: a new 
prognostic factor," Clin 
Cancer Res. 5(3):593-9 
(1999). 


Immunocytochemical 
analysis of peritoneal 
cavity fluid and bone 
marrow in pancreatic 
cancer patients. 


In 39 and 38% of patients 
alterations could be found in 
peritoneal lavage or bone 
marrow, respectively. 
Combination of the two 
bodily fluids resulted in 52% 
of correctly diagnosed 
patients. 


Weitz et al., "Detection 
of disseminated 
colorectal cancer cells in 
lymph nodes, blood and 
bone marrow," Clin 
Cancer Res. 5(7): 1830-6 
(1999). 


Expression analysis of CK 
by RT-PCR on lymph 
nodes (lymphatic system), 
blood and bone marrow 
samples of colon cancer 
patients. 


CK detection in lymph 
nodes is of prognostic 
relevance. 


Chang et al., "Molecular 
diagnosis of primary 
liver cancer by 
microsatellite DNA 
analysis in the serum," 
Br J Cancer. 87(12): 
1449-53 (2002). 


Analysis for LOH in 
serum of liver cancer 

patients. 


LOH found in 76.2% of 
patients. 
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Hickey et al., "Molecular 
detection of tumour 
DNA in serum and 
peritoneal fluid from 
ovarian cancer patients/' 
Br J Cancer 
80(11):1803-8(1999). 


Analysis of genetic 
alterations in serum and 
peritoneal fluid of 
ovarian cancer patients. 


In 1 7/20 serum samples and 
12/19 peritoneal fluid 
samples, genetic alterations 
could be detected. 


A. Vogel et al., 
"Disseminated tumor 
cells. Their detection 
and significance for 
prognosis of 
gastrointestinal and 
pancreatic carcinomas" 
Virchows Arch. 439(2): 
109-17(2001). 


Review of the various 
methods to detect 
disseminated tumor cells 

used at the time and the 
prognostic relevance of the 
results gained from these 
studies. 


"Our evaluation of the 
studies on colorectal, gastric 
and pancreatic ductal 
carcinomas indicates that 
detection of disseminated 
tumor cells in different 
compartments may lead to 
more accurate tumor 
staging." 



These publications show that analysis of bodily fluids for the diagnosis of non- 
haematopoetic tumors was well accepted in the art at the time of applicants' invention 
because disseminated tumor cells or DNA of non-haematopoetic tumor cells could be found 
in nearly all bodily fluids (e.g., serum, saliva, bone marrow, peritoneal cavity fluid, sputum, 
urine, lymph nodes, and blood, as noted in the above publications). While negative results 
exist they depend upon the marker/antigen/genetic alteration that is investigated. A striking 
example for this is the low significance in diagnosing colorectal cancer by the detection of 
mutations of the oncogene K-ras in comparison to mutation in the tumor suppressor genes 
APC or p53 (see Lauschke et al. and Hibi et al.). 

Tumor diagnosis by the analysis of bodily fluids is well accepted and state of the art at 
the time of applicants' invention. Low performance of certain methods is rather due to poor 
marker quality and/or tool selectivity (e.g. antibodies) rather than to the method as such. The 
present invention helps to solve this problem because it introduces a new tumor marker which 
is significantly downregulated in certain tumors. In addition, in contrast to many other tumor 
markers (like PSA), the biological function of Elp as tumor suppressor has been shown 
experimentally (in the disclosure of the specification, at, for example, Example XI at page 35, 
line 33 - page 36, line 22). Consequently, Elp has already undergone validation as a 
diagnostic tumor marker. 
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The enablement rejection on the basis that a protein might not be expressed in the 
tumor and therefore might not represent a reliable tumor marker does not apply to the present 
invention which relies upon the widely used method of detecting tumorogenic 
mutations/rearrangements within the nucleic acid sequence of a tumor suppressor gene like 
elp. The argument that antigen-levels in body fluids are difficult to measure because they are 
lost or downregulated does not apply for Elp and the present invention because Elp is a tumor 
suppressor and therefore (already) lost or downregulated in the primary tumor. In the case of 
Elp, it is therefore very useful as one aspect of the invention to detect mutations of Elp or 
genomic rearrangements of the Elp locus in disseminated cells which is independent of how 
reliably one can detect Elp antigen levels. 

The reference in the Official Action to Vogel et al. Virchows Arch 439:109-1 17 
(2001) (hereafter "Vogel et al.") for the proposition that antigen levels in bodily fluids are 
hard to measure is said to be supported by Klein et al., who isolated single disseminated cells 
from bone marrow of a breast cancer patient. An examination of this reference shows, 
however, that various genetic analyses on those cells comes to a conclusive result despite 
variances between the single isolated cells (see entire document or last sentence of abstract). 
They also clearly state that the reliability and variability of such analyses strongly depend on 
the marker/antigen and the available tools, e.g. antibodies, but less on the methods per se. 
The reviewer further suggests that the problem could be overcome by the parallel use of 
multiple markers. Thus, the present invention improves the significance of such analyses and 
therefore aims to solve the problem by the use of an additional tumor marker. 

Cells of Non-Haematopoetic Tumors are Present in a Variety of Bodily Fluids 

The argument in the Official Action that Vogel et al. (referring to p. 1 10 par 7) teach 
that " disseminated tumor cells of non-haematopoetic origin normally do not circulate in the 
peripheral blood" is incorrect. Specifically, the Official Action misinterprets the sentence in 
the review, which cites: 

"When disseminated tumour cells are analysed using RNA- 
based assays for epithelial cells, it has to be assumed that cells 
of non-haematopoetic origin normally do not circulate in the 
peripheral blood or one marrow." 
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The fact that only tumor and not normal non-haematopoetic cells circulate into the 
peripheral blood or bone marrow represents the prerequisite for the predictive value of such 
measurements. Otherwise, detection of non-haematopietic cells in bodily fluids could not 
necessarily be linked to the presence of a tumor. This, however, is not a condition sine qua 
non, as it is only important if the marker per se is not tumor specific but primarily a marker 
for tissue origin and/or differentially expressed in tumor cells without mutations in its nucleic 
or amino acid sequences. In the case of elp, tumor cell isolation would only be required if 
one needed to measure elp expression levels, whereas detection of mutations or 
rearrangements in the elp nucleic acid or protein sequence can directly be investigated 
without prior isolation of circulating tumor cells, particularly, for instance, of the lung, 
kidney and stomach. Thus, in case of a tumor suppressor , detection of a mutated nucleic acid 
or protein sequence in the blood would strongly indicate to a person skilled in the art the 
presence of a tumor, independently of the concomitant occurrence of tumor cells in the blood. 

The state of the art, as outlined in the appended declaration by Dr. Froesch and as 
summarized in the above table, shows that various cancers have been correlated to a range of 
markers in bodily fluids. In some cases, the marker is intracellular (e.g., tumor cells from a 
tissue sample or extracted from a saliva sample), while in other cases, the marker is 
extracellular (e.g., serum or urine analysis of circulating DNA or protein). The identification 
of a mutation of the isolated DNA or alteration of expression level of an ELP protein will 
occur in a similar manner and via means well known in the art, regardless of whether the 
source of that isolated DNA or ELP protein was intracellular, extracellular, or via a tissue 
sample. 

In conclusion, analysis of body fluids for changes in the expression level of ELP 
proteins, or mutations within the nucleic acid sequence encoding an ELP protein or detecting 
a rearrangement in the genomic elp locus was well within the skill of the art given the 
teachings of the specification and the enablement rejection under 35 U.S.C. § 1 12, first 
paragraph, should be withdrawn. 

V. Conclusion 

In view of the above amendment and remarks, applicants believe the pending 
application is in condition for allowance. Should the Examiner wish to discuss any issues of 
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form or substance in order to expedite allowance of the pending application, he is invited to 
contact the undersigned attorney at the number indicated below. 

Dated: September 6, 2006 Respectfully submitted, 

By IL^ k^ 

Jeffrey S. Sharp 

Registration No.: 31,879 
MARSHALL, GERSTEIN & BORUN LLP 
233 S. Wacker Drive, Suite 6300 
Sears Tower 

Chicago, Illinois 60606-6357 
(312) 474-6300 
Attorney for Applicant 
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(PATENT) 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Patent Application of: 
Ernst Hafen et al. 

Application No.: 10/509,558 Confirmation No.: 1027 

Filed: March 25, 2005 Art Unit: 1649 

For: GROWTH REGULATING PROTEINS Examiner: G. S. Emch 

DECLARATION UNDER 37 C.F.R. S1.132 

Commissioner for Patents 

P.O. Box 1450 

Alexandria, V A 22313-1450 

Dear Sir: 

I, Barbara Froesch, declare the following: 

1 . I graduated in 1 992 from the Swiss Federal Technology Institute 
(ETH) in Zurich, where 1 studied pharmaceutical sciences. After the Ph.D. work in the 
Department of Oncology at the University Hospital of Zurich, I dedicated three years to the 
study of tumor biology in Dr. John Reed' s laboratory at The Bumham Institute in La Jolla, 
CA, US A. I joined The Genetics Company, a spin-off of the Uni versity of Zurich and the 
ISREC of Epalinges, as a research scientist in January 1999 and I am currently head of the 
Biology Department and program manager cancer therapeutics. 

2. I have reviewed the Official Action by the U.S. Patent Office dated 
March 17, 2006 and submit this declaration to address the issue of whether it was recognized 
at the time of applicants' invention that analysis of bodily fluids was a reliable methodology 
for diagnosing tumors. A review of the scientific literature demonstrates that the analysis of 
bodily fluids such as saliva, serum, urine, peritoneal fluid and bone marrow could be used for 
the diagnosis of non-haematopoetic tumors as set out in the publications below: 



Publication 


Set-up 


Result 


Hibi et al., "Molecular 
Detection of Genetic 
Alternations in the 
Serum of Colofectal 
Cancer Patients/' Cancer 
Research 58: 1405-1407 
(1998) 


Microsatellite analysis of 
genetic alterations in 
serum DNA obtained 
from 44 colorectal cancer 
patients. 


"Taken together, either a K- 
ras or p53 mutation was 
detected in the serum in 40% 
of the 25 patients (95% 
confidence interval, 21- 
6 1 %), whose primary tumors 
contained a mutation and in 
23% of the 44 patients (95% 
confidence interval 12-38%) 
with colorectal cancer. The 
frequent detection of 
mutations in the p53 tumor 
suppressor in the serum of 
patients with early stage 
tumor suggests a possible 
use of this approach for 
clinical prognosis and cancer 
monitoring of colorectal 
cancer patients." 


El-Naggar et al., 
"Genetic heterogeneity 
in saliva from patients 
with oral squamous 
carcinomasrimplications 
in molecular diagnosis 
and screening," J Mol 
Diagn. 3(4): 164-70 
(2001). 


Microsatellite analysis of 
head and neck squamous 
carcinoma (HNSC) on 
saliva and matched tumors 
in 37 patients. 


-"epithelial cells in 
saliva[. . .Jprovide suitable 
material for genetic 
analysis" 

-in 49% of patients genetic 
alterations (LOH) could be 
detected in saliva 


Spafford et al.," 
Detection of head and 
neck squamous cell 
carcinoma among 
exfoliated oral mucosal 
cells by microsatellite 
analysis," Clin Cancer 
Res. 7(3):607-12(2001). 


Microsatellite analysis of 
saliva in head and neck 
squamous cell carcinoma 

(HNSCC) patients. 


Microsatellite instability was 
detected in 96% and LOH in 
61% of cases with 
corresponding genetic 
alterations in the primary 
tumors. 


Lauschke et al., 
"Detection of APC and 
k-ras mutations in the 
serum of patients with 
colorectal cancer," 
Cancer Detect Prev. 


Detection of K-ras and 
APC mutations in serum 
DNA of colon cancer 
patients. 


Mutations in the K-ras 
oncogene only found in the 
serum of 6/22 patients but 
mutations in the APC tumor 
suppressor found in serum of 
20/25 patients 



25(1):55-61 (2001). 






Schott et al., "Isolated 
tumor cells are 
frequently detectable in 
the peritoneal cavity of 
gastric and colorectal 
cancer patients and serve 
as a new prognostic 
marker," Ann Surg. 
227(3):372-9 (1998), 


Bone marrow or 
peritoneal cavity fluid of 
gastric or colorectal 

patients were investigated 
immunocytochemically. 


Little prognostic 
significance of positive bone 
marrow resuus uui nign 
correlation of results from 
peritoneal cavity fluid and 
survival rate. 


Kersting et al., 
"Differential frequencies 
of pl6(INK4a) promoter 
hyperrnethylation, p53 
mutation, and K-ras 
mutation in exfoliative 
material mark the 
development of lung 
cancer in symptomatic 
chronic smokers," J Clin 
Oncol. 18(1 8):322 1-9 
(2000). 


Sputum analysis in lung 
cancer patients for the 
oncogene K-ras and the 
tumor suppressors p53 and 
pi 6. 

4m: 


Differences on DNA level 
could be detected in 1 4-51% 
of patients if the markers 
were analyzed individually 
but in 69% if the markers 
were combined. 


Eisenberger et al., 
"Diagnosis of renal 
cancer by molecular 
urinalysis," J Natl 
Cancer Inst. 
91(23):2028-32(1999). 


Microsatellite alterations 
in urine and serum of 
renal cancer patients. 


Alterations could be found 
in 76% of urine samples and 
60% of serum samples. 


Vogel et al., 
"Disseminated tumor 
cells in pancreatic cancer 
patients detected by 
immunocytology: a new 
prognostic factor," Clin 
Cancer Res. 5(3):593-9 
(1999). 


Immunocytochemical 
analysis of peritoneal 
cavity fluid and bone 
marrow in pancreatic 
cancer patients. 


In 39 and 38% of patients 
alterations couia oe iounu in 
peritoneal lavage or bone 
marrow, respectively. 
Combination of the two 
bodily fluids resulted in 52% 
of correctly diagnosed 
patients. 


of disseminated 
colorectal cancer cells in 
lymph nodes, blood and 
bone marrow," Clin 
Cancer Res. 5(7): 1830-6 
(1999). 


Fxnression analvsis of CK. 
by RT-PCR on lymph 
nodes (lymphatic system), 
blood and bone marrow 
samples of colon cancer 
patients. 


GK detection in lymph 
nodes is of prognostic 
relevance. 



Chang et al., "Molecular 
diagnosis of primary 
liver cancer by 
microsatellite DNA • 
analysis in the serum," 
Br J Cancer, 
87(12):1449-53 (2002). 


Analysis ior LUn m 
serum of liver cancer 

patients. 


T OH found in 76 2% of 
patients. 


Hickey et al.. "Molecular 
detection of tumour 
DNA in serum and 
peritoneal fluid from 
ovarian cancer patients," 
Br J Cancer 
80(11): 1803-8 (1999). 


Analysis of genetic 
alterations in serum and 
peritoneal fluid of 
ovarian cancer patients. 


In 1 7/20 serum samples and 
12/19 peritoneal fluid 
samples, genetic alterations 
could be detected. 


A. VogeletaL, 
"Disseminated tumour 
cells. Their detection and 
significance for 
prognosis of 
gastrointestinal and 
pancreatic carcinomas". 
Virchows Arch. 
439(2): 109- 17 (2001). 


Review of the various 
methods to detect 
disseminated tumor cells 

used at that time and the 
prognostic relevance of the 
results gained from these 
studies. 


"Our evaluation of the 
studies on colorectal, gastric 
and pancreatic ductal 
carcinomas indicates that 
detection of disseminated 
tumour cells in different 
compartments may lead to 
more accurate tumour 
staging!" 



3. These publications show thai analysis of bodily fluids for the diagnosis 
of non-haematopoetic tumors was well accepted in the art at the time of applicants' invention 
because disseminated tumor cells or DNA of non-haematopoetic tumor cells can be found in 
nearly all bodily fluids (e.g., serum, saliva, bone marrow, peritoneal cavity fluid, sputum, 
urine, lymph nodes, and blood, as noted in the above publications). While negative results 
exist, they depend upon the marker/antigen/genetic alteration that is investigated. A striking 
example of this is the low significance in diagnosing colorectal cancer by the detection of 
mutations of the oncogene K-ras in comparison to mutation in the tumor suppressor genes 
APC or p53 (see Lauschke el al. and Hibi et ah). However, both extra- and intracellular 
DNA have successfully been detected and analyzed in relation to tumor diagnoses of various 
cancers (see, e.g., Hibi et al., p. 1405, 1 51 column, which notes that "tumor DNA is released 
into circulation and is enriched in plasma and serum."). 



4. In conclusion, tumor diagnosis by the analysis of bodily fluids is well 
accepted and state of the art. Low performance of certain methods is due to poor marker 
quality and/or tool selectivity (e.g. antibodies) rather than to the method as such. The present 
invention helps to solve this problem because it introduces a new tumor marker which is 
appreciably downregulated in certain tumors. In addition, in contrast to many other tumor 
markers, such as PSA, the biological function of Elp as growth suppressor has been shown 
experimentally (in the disclosure of the specification). Consequently, Elp has already 
undergone validation as a diagnostic tumor marker. Therefore, the present application 
establishes the status of Elp as a tumor growth suppressor, and the state of the art at the time 
of filing establishes the knowledge with respect to the ability to detect tumors in tissues and 
body fluids by the detection of such markers. 

5. I further declare that all statements made herein of my own knowledge 
are true, that all statements made on information and belief are believed to be true, and 
further that these statements were made with the knowledge that willful false statements and 
the like so made are punishable by fine or imprisonment, or both, under 1 8 U.S.C. § 1 001 . 



Dated: August £, 2006 



Barbara Froesch 
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Ct 

iave searched for the presence of genetic alterations in senim DNA 
i from 44 colorectal cancer patients. Microsatellite analysis using 
K)!ymorphic markers revealed loss of heterozygosity and/or microsat- 
stability in 35 of 44 (80%) primary tumors. No alterations were 
1 in the paired serum DNA. We next used an oligonucleotide-mediated 
ch ligation assay to detect tumor specific gene mutations in the serum. 

the 16 cases with a K-ras gene mutation in the tumor, the same 
.n was detected in three paired serum samples. In the 10 cases with a 
itation in the tumor, the identical mutation was detected in seven 
onding serum samples. Comparison of me molecular analysis with 

diagnosis of these patients revealed that none of the seven Dukes' 
I patients with a K-ras mutation in their tumors demonstrated a 
in in the serum. In contrast, five of seven stage B patients with ap53 
in in the tumor demonstrated a mutation in the paired serum 
01, Fisher's exact test). Taken together, either a K-ras or p53 mutation 
ected in the serum in 40% of the 25 patients (95% confidence interval, 
fc), whose primary tumors contained a mutation and in 23% of the 44 
s (95% confidence interval, 12-38%) with colorectal cancer. The 
it detection of pS3 mutation in the serum of patients with early stage 

suggests a possible use of this approach for clinical prognosis and 
monitoring of colorectal cancer patients. 

tuction 

orectal cancer is one of the most common malignancies in the 
and can usually be cured if diagnosed at an early stage. Methods 
;ect surgically resectable tumors could significantly reduce 
. from this disease. Several genetic changes, such as the activa- 
f the K-ras oncogene, inactivation of APC, p53 genes, and loss 
er tumor suppressor genes on chromosome 18q are involved in 
thogenesis of colorectal cancer. Assays based on the molecular 
ion of these genetic changes have been shown as potential 
DSttc tools for colorectal cancer (1-4). Furthermore, the identi- 
>n of these genetic changes at sites away from the primary tumor 
telp to assess the extent of disease and overall tumor burden at 
diagnosis (5). 

vious studies have proposed that tumor DNA is released into the 
ation and is enriched in plasma and serum (6, 7). Radioimmu- 
ays revealed that the serum of cancer patients contained approx- 
ly four times the amount of free DNA compared with normal 
>1 (8). Based on these observations, studies have shown, that it is 
)le to detect tumor-specific DNA in the serum of head and neck 
r patients and in the plasma of lung cancer patients using 
satellite analysis (9, 10). 
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In the present study, we have examined 44 colorectal cancer pa- 
tients using microsatellite analysis and a more sensitive mutation- 
specific mismatch ligation assay for genetic alterations in primary 
tumors and the paired serum samples. In the 25 cases with K-ras 
and/or p53 gene mutations in the tumor, 10 cases exhibited the same 
alteration in the matched serum DNA using the mismatch ligation 
assay. Additionally, early stage tumors with p53 mutations appeared 
to be more likely to demonstrate the identical mutation in the paired 
serum sample than those with a K-ras mutation. These results indicate 
that genetic alterations present in the tumors of colorectal cancer 
patients can be detected in the serum of the same patient, and that this- 
approach can be potentially used for cancer prognosis and cancer 
monitoring for this deadly disease. 

Materials and Methods 

Sample Collection and DNA Preparation. Forty^four primary tumors and 
corresponding normal tissues were prepared from microdissected sections of 
formalin-fixed, paraffin-embedded tissues obtained from surgical resection of 
colorectal cancer patients. All tumor specimens contained more than 70% 
neoplastic cells. The pathological stagings at surgery for patients with either a 
K-ras or p53 mutation are shown in Table 1. Serum samples were collected 
from the same patients prior to tumor resection and stored at -80°C. Normal, 
tumor, and serum DNA were prepared as described previously (11). 

Microsatellite Analysis. Dinucleotide markers used for microsatellite 
analysis were D18S5S. DJ8S58. D18S61. and D18S69 on 18q (12). CHRNB1 
and D17S786 on 17p (8). and D8S133 and D8S254 on 8p (13). These markers 
were chosen because they are highly polymorphic and are located at regions 
frequently lost in colorectal cancer. One of the two PCR primers for each 
marker was end labeled with £r 32 PlATP using T4 polynucleotide kinase. PCR 
amplification was performed as described (12) using paired normal, tumor, and 
serum DNA samples. The amplified products were separated in 8% denaturing 
urea-polyacrylamide-formamide gels followed by autoradiography (14). LOH 
was scored if the ratio of one allele was significantly decreased (>30%) in 
tumor or serum DNA compared with normal DNA by independent visual 
observation of at least two investigators. Microsatellite instability was identi- 
fied when novel band(s) were present in the tumor sample in addition to the 
constitutive allele(s) observed in the normal control. 

Mutation Analysis for the p53 Gene. The PCR amplification of tumor 
DNA samples consisted of 40 cycles of 95°C for 30 s, 58°C for 1 min. and 
70°C for 1 min for exons 5, 6. and 8. or 95°C for 30 s. 63°C for 1 min. and 
70°C for 1 min for exon 7. The primers used were: exon 5, 5'-AGGAAT- 
TCACTTGTGCCCTGACTT and 5'-GAGGAATCAGAGGCCTGGG; exon 
6 5'-TGCCCCAGGCCTCTGATTC and 5 '-C ATCGA ATTCC ACTG A- 
CAACCACCCTT; exon 7. 5 ' -TGCTTGCC AC AGGTCTCC and 5'-ATCGG- 
TAAGAGGTGGGCC; and exon 8, 5 '-GG AC AGGTAGACCTGATTTCC and 
5'-CCTCCACCGCTTCTTGTC. All PCR products were purified and se- 
quenced directly using the AmpliCycle sequencing kit (Perkin-Elmer, Foster 
City. CA). The sequencing primers were 5'-AACCAGCCCTGTCGTCTC 
5'-GAGACCCAGTTGCAAACCA. 5'-GAGGCAAGCAGAGGCTGG. 5'- 
AGTGGTAATCTACTGGGA. and 5'-ACCTCGCTTAGTGCTCCCTG for 
exons 5-8. respectively. 



» The abbreviation used is: LOH, loss of heterozygosity. 
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1e 1 K-ras and p5S gene mutations in the tumors and serum of colorectal cancer 
patients 



a 


Tumor <taoc^ 


Gene alteration 


Amino acid 
substitution 


Mutation 
in serum 


1 


D 


K-ras 


Gly 12 Val 


— 


4 


D 


K-ras 


Gly 12 Asp 


+ 


7 


B 


K-ras 


Gly 12 Asp 


— 


11 


B 


K-ras 


Gly 12 Cys 


- 


15 


B 


K-ras 


Gly 12 Ala 


- 


17 


B 


K-ras 


Gly 12 Ala 


— 


19 


C 


K-ras 


Gly 12 Ala 


— 


25 


C 


K-ras 


Gly 12 Val 


— 


27 


c 


K-ras 


Gly 12 Asp 


- 


29 


c 


K-ras 


Gly 12 Asp 


— 


31 


B 


K-ras 


Gly 12 Asp 


— 


37 


B 


K-ras 


Gly 12 Asp 


— 


40 


B 


K-ras 


Gly 12 Asp 


- 


41 


C 


K-ras 


Gly 12 Val 


— 


45 


C 


K-ras 


Gly 12 Ser 


+ 


46 


C 


K-ras 


Gly 12 Val 


+ 


5 


C 


P 53 


Arg 248 Gin 


- 


6 


B 


p53 


g to a (intron 5) 


+ 


15 


B 


p53 


Arg 306 Term 




16 


B 


P53 


Arg 273 Cys 


+ 


20 


B 


P 53 


Vol 272 Met 




21 


C 


pS3 


250-253 del 


+ 


28 


B 


p53 


Asn 200 Ser 


+ 


33 


B 


P53. 


Arg 306 Term 


+ 


34 


C 


P 53 


t to c (intron 6) c 


+ 


44 


B 




176 del 


+ 



Ml cases are listed by the mutations detected. The first 16 cases had K-ras gene 
ion, whereas the latter 10 had p53 mutation. 
)ukes classification. 

rhese mutations are located at the indicated introns. 



ismatch Ligation Assay. All possible alterations at K-ras codon posi- 
12a, 12b, and 13b were determined using a modified allele-specific 
ion assay (15). The first exon of K-ras was amplified as described (4) and 
as the template for three separate ligation assays (12a, 12b, and 13b) in 
mor samples. For each ligation assay, 50 ng of PGR product were mixed - 
8 ng each of three mutadon specific oligomers, 100 ng of blocking 
mer, and 8 ng of a common 32 P-Iabeled oligomer in a 20-/xI reaction 
lining 150 mM NaCl, 10 mM MgCl 2 , 100 mM Tris-HCi (pH 7.5), I mM 
nidine, 1 mM DTT, 1 mM ATP, and 3 ^g of T4 gene 32 protein 
hringer Mannheim). This mixture was denatured at 95°C for 5 min and 
'ed to cool at room temperature for 15 min, at which time I unit of T4 
s was added. The ligation was carried out at 37°C for 1 h and terminated 
tat inactivation at 68°C for 10 min. The [* 2 P]phosphate on the unligated 
gomer was removed by the addition of 1 unit of alkaline phosphatase and 
:quent incubation at 37°C for 30 min. The ligation products were sepa- 
on 12% denaturing polyacrylamide gel. The presence and the nature of 
dons were determined based on the relative migration of the ligation 
icts formed in control experiments using templates with known K-ras 
Jons. Oligonucleotide sequences used for the ligation assays were de- 
id previously (15). 

e mutation-specific oligomers for the pS3 gene were designed individu- 
lccording to each p53 mutation and used in the ligation assay. For 
pie, tumor 5 had a mutation in codon 248 (5'-CATGAACCGGAGGC- 
T to 5 ' -CATGAACCAG AGGCCCAT). To detect this alteration in the 
l, the mutation-specific oligomer (5'-CATGAACCA), the adjacent ,,2 P- 
d oligomer (5 '-G AGGCCCAT), and the blocking oligomer (5'- 
\CGGAGGC) were synthesized, and the mismatch ligation assay was 
*med exactly as described for the K-ras gene mutations. When a serum 
e was found positive, the DNA extraction and PCR reaction were 
:ed at least once from the original serum sample to confirm the presence 
; mutant allele. In all cases, the presence and the percentage of mutant 
in the serum remained unchanged. 

Its and Discussion 

s tested the serum of 44 colorectal cancer patients for the pres- 
of various types of genetic alterations. We first examined the 
: status of 18q, 17p, and 8p in the primary tumor samples 
!se of their frequent loss in colorectal cancers. Subsequently, 



DNA from paired serum samples were examined to determine 
whether tumor-specific LOH or instability was present in the paired 
serum of these patients. Although LOH or a microsatellite shift of at 
least one locus was observed in 35 of 44 (80%) primary tumors, no 
loss of heterozygosity or microsatellite shifts were detected in the 
serum (Fig. 1). This negative outcome could be due to the following 
two reasons: (a) colorectal tumor DNA in the serum would be filtered 
by the liver and diminished or diluted in peripheral blood, because 
colorectal blood circulation passes through the portal vein before 
entering into the peripheral circulation; and (b) microsatellite analysis 
may not have enough sensitivity to detect small amounts of tumor 
DNA in the serum of a colorectal cancer patient (16). 

To examine this second possibility, we proceeded with a more 
sensitive method to detect K-ras and p53 gene mutations in the serum 
DNA. K-ras gene mutations are observed in about 50% of primary 
colorectal tumors of all stages and represent an ideal target for such an 
approach. p53 mutations occur in up to 70% of advanced colorectal 
cancers and have been reported as a poor prognostic factor (17). K-ras 
status in all 44 tumors was determined using the ligation assay. Of the 
16 cases having K-ras gene mutations in their tumors, the ligation 
assay was repeated using the paired tumor and serum samples, and the 
same mutation was observed in the serum in 3 cases (19%; Fig. 2A). 
Thirty-three tumors with sufficient DNA -were sequenced for pS3 
mutations in exons 5-8 of the gene. Of the 10 cases having a p53 
mutation in the tumor, the same mutation was found in the serum of 
7 patients (Fig. 2B). In total, we identified either a K-ras or p53 
mutation in the serum in 10 of 25 patients whose tumor had a 
mutation. All alterations observed in the serum were confirmed at 
least once using independently extracted serum DNA samples. Fur- 
thermore, in the case of K-ras, although oligomers for all three 
possible mutations at a given codon position (i.e., 12a, 12b, or 13b) 
were present in the same ligation reaction, onlythe mutationidentical- 
to the one present in the primary tumor was observed. 

After completion of the mismatch ligation assay in all specimens, 
clinical-pathological data were correlated with the molecular analysis. 
The three patients with K-ras gene mutation in the serum had either 
Dukes' C or D disease. None of the seven stage B patients with a 
K-ras mutation in the tumor had a detectable mutation in the serum. 
In contrast, five of seven stage B patients with p53 mutations dem- 
onstrated the identical p53 mutation in the serum. In our study, only 
case 15 had both K-ras and p53 gene alterations in the same tumor, 
but neither of these changes was detected in the serum. The results of 
the mutation-specific ligation assay for all 25 patients with a K-ras or 
p53 mutation in the tumor are summarized in Table I. 

Recent evidence suggests that microsatellite shifts (low level instabil- 
ity) or LOH can be detected in the circulating tumor DNA from the serum 
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Fig. I. Microsatellite analysis of paired tumor and serum samples. DNA was extracted 
from the tumor (7*) and paired serum (S) of 44 colorectal cancer patients and analyzed as 
described in "Materials and Methods." Case numbers ore indicated at the top. Left. 
microsaiellite markers and their chromosomal location. Open box, retention; closed lx>x, 
LOH; S, microsatellite shift (instability); N. not informative. 
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epresentaiive autoradiographs of the mismatch ligation assay. Examples of 
ys detecting K-ras {A) and p53 (B) mutations in the paired serum (S) and 
N A samples from patients with colorectal cancers. 



2 Genetic markers for the detection of colorectal tumor in the serum 



MOLECULAR DETECTION OF COLORECTAL CANCER IN THE SERUM 

alterations in the serum of 23% colorectal cancer patients (10 of 44) 
by using either K-ras or p53 mutation as a target. The clinical 
sensitivity of this assay can be potentially improved by incorporating 
- Val other common genetic targets such as APC Advances in technologies 
to permit rapid detection of an array of specific mutations would 
enhance the utility of this approach. Previous studies in cancer pa- 
tients have suggested that those with genetic alterations in serum or 
plasma are more likely to develop metastases and die of their disease 
(9, 18). Further studies are needed to determine the clinical relevance 
of identifying specific genetic alterations in the serum of colorectal 
cancer patients for the prognosis and monitoring of the disease. 




T S 



tic alteration 


Occurrence in tumor 


Serum positive (%) 


:eiliie instability 

utation 

ation 


31/44(70%) 
15/44(34%) 
16/44 (36%) 
10/33 (33%)° 


0/31 (0%) 
0/15(0%) 
3/16(19%) 
7/10(70%)* 



;nt DNA samples were available for complete sequence analysis in 33 cases 

)14. Comparison of K-ras mutation versus p53 mutation serum-positive cases 
exact test. . _ .. 



id neck cancer patients, and the plasma of small cell lung cancer 
), 10). Using reverse transcription-PCR, it has also been shown 
:tion of circulating tumor cells from the blood of colorectal 
itients may have prognostic value or be related to stage at 

(18, 19). In this study, we tested four different genetic markers 
tectiorTof colorectal cancer in the DNA from serum (Table 2). 

LOH and microsatellite shifts could not be detected, K-ras or 
~.tions~were~ detected-in-the-serum-of-40%-of-patients -with a 
in the tumor using the mismatch ligation assay. Interestingly, 
t-positive rate for tumors with a p53 mutation was significantly 
in that with a K-ras mutation CP = 0.014 by Fisher* s exact test, 

Most of this difference can be explained by the p53 mutant 
/hich displayed mutant serum DNA in patients with early stage 
t is conceivable that colorectal tumors with p53 mutations may 
eased access to the peripheral blood due to the loss of the 

/?5.?-induced apoptosis pathway. This result coincides with a 
it colorectal tumors with p53 mutation are also more likely to 
ze (3). 

.suits have two potential clinical applications: (a) patients at 
for colorectal cancer could be screened for the presence of 
lis in the serum by analysis of K-ras or p53 gene mutations, 
a the method described in this study, such screenings are 
>y the large number of different mutations identified in the 
and (b) a second application would be in the follow-up of 
diagnosed of colorectal cancers. In such patients, mutations of 
;ene could first be identified using GeneChip technology 4 and 
d as targets for the mismatch ligation assay. 
;ctal cancer is among the most common and fatal cancers in 
d. Thus far, the only noninvasive test for this disease is the 
f fecal occult blood. However, the appearance of hemoglobin 
is not specific for neoplasia. It has been shown that DNA 
ts from colorectal tumor cells could be amplified from the 
ing PCR for the detection of K-ras mutations (4), but it 
difficult to reproducibly PCR amplify tumor DNA from the 
this preliminary study, we detected tumor-associated DNA 
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We performed microsatellite analysis at chromo- 
somal regions frequently altered in head and neck 
squamous carcinoma on matched saliva and tumor 
samples from 37 patients who had oral squamous 
carcinoma. The results were correlated with the cyto- 
logic findings and traditional clinicopathologic fac- 
tors to assess the diagnostic and biological potential 
of these markers. Our data showed that 18 (49%) of 
the saliva samples and 32 (86%) of the tumors had 
loss of heterozygosity (LOH) in at least one of the 25 
markers studied. In saliva, the combination of mark- 
ers D3S1234, D9S156, and 017S799 identified 13 
(72.2%) of the 18 patients with LOH in saliva (P < 
0.001). For tumors, markers D3S1234, D8S254, and 
D9S171 together identified 27 (84.3%) of the 32 tu- 
mors with LOH at any of the loci tested (JP < 0.001). 
Eleven (55%) of the 20 saliva samples with cytologic 
atypia and seven (35%) of the 17 specimens without 
atypia had LOH. Significant correlation between LOH 
in tumor at certain markers and smoking and alcohol 
use was found. Our results indicate that: 1) epithelial 
cells in saliva from patients with head and neck squa- 
mous tumorigenesis provide suitable material for ge- 
netic analysis; 2) combined application of certain 
markers improves the detection of genetic alteration 
in these patients; 3) clonal heterogeneity between 
saliva and matching tumor supports genetic instabil- 
ity of the mucosal field in some of these patients; and 
4) LOH at certain chromosomal loci appears to be 
associated with smoking and alcohol consumption. 
O Mol Diag 200 J, 3:1 64 -1 70) 

The oral cavity is an ideal site for screening individuals at 
high risk of developing head and neck squamous carci- 



noma (HNSC) because of the availability of cells shed in 
saliva and the convenience of visualizing and sampling 
lesions at these locations. 1- * 3 However, little progress has 
been made in the management of patients with oral squa- 
mous carcinoma due mainly to the nonspecific symp- 
toms, minimal physical finding inpatients with early-stage 
cancer, and the lack of biojogical predictors of progres- 
sion. 4 Identifying novel aind reliable biogenetic markers 
for the biological assessment of squamous lesions may 
assist in early diagnosis and treatment of head and neck 
squamous tumorigenesis. Microsatellite DN A motifs con- 
sisting of highly polymorphic short tandem repeat se- 
quences distributed throughout the genome have been 
widely and successfully used as markers for molecular 
analysis of tumorigenesis in head and neck and other 
neoplasms. 1 - 5 "" 7 

Studies using microsatellite markers from different 
chromosomal arms in HNSC have shown that alterations 
at certain regions on chromosomes 3p, 9p, 17p and 18q 
to be associated with the development of these tu- 
mors. n - 2 - 6 - 8 - 12 Although the timing and the order of these 
alterations are currently unknown, different studies have 
shown high incidence of loss of heterozygosity (LOH) in 
noninvasive lesions indicating an early association with 
tumorigenesis. 1,6,7 Analysis of selected microsatellite 
markers at these regions on epithelial cells from patients' 
saliva is a convenient and non-invasive approach for 
molecular screening and early detection of this dis- 
ease. 13 " 24 In this study, we evaluated the diagnostic and 
biological implications of the alterations at several of the 
above mentioned microsatellite markers in prospectively 
collected saliva and tumor specimens from patients who 
had oral squamous cell carcinoma. 
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Materials and Methods 

Forty matched histologically normal squamous mucosa 
and tumor tissues and saliva collected freshly from pa- 
tients with primary untreated HNSC were prospectively 
acquired between 1996 and 1998 by the Department of 
Pathology at The University of Texas M. D. Anderson 
Cancer Center after obtaining patient consent. Ten saliva 
samples from normal individuals with negative history of 
cancer were also collected and used as a biological 
control. Histologically normal squamous mucosa from 
each cancer specimen was stripped from the farthest 
margin after frozen section evaluation and used as puta- 
tive controls. Ficoll-Hypaque isolated lymphocytes from 
heparinized peripheral blood from all patients and 10 
normal volunteer individuals were also obtained and im- 
mediately frozen; lymphocytes were used as control for 
saliva analysis from normal volunteers. Lymphocytes 
were used only if histologically matched mucosa was 
suspected to harbor alterations. 

For all patients, tobacco and alcohol consumption his- 
tories were obtained from the epidemiology database. 
Patients' demographic, pathological, and clinical infor- 
mation was collected retrospectively from pathology re- 
ports and patient records. The 10 normal saliva samples 
from healthy individuals were obtained from five non- 
smokers and five current smokers. 

Saliva Collection 

After the mouth of each patient and normal subject was 
washed with sterile water, saliva specimens were col- 
lected in a sterile cap and transported immediately to the 
laboratory to be centrifuged at 1200 g for 5 minutes. The 
supernatants were decanted and the cell pellets were 
frozen at -80° in the same tubes. Three cases were 
eliminated for lack of sufficient DNA from saliva samples 
and the remaining 37 cases formed the cohort of mate- 
rials for the analysis. 

DNA Extraction 

Extraction of DNA was performed using DNAzol (Mo- 
lecular Research Center, Cincinnati, OH). Cells were 
lysed in DNAzol using a Tissue Tearor (Biospec Prod- 
ucts, Bartlesville, OK) for fresh tissue, and a vortex ho- 
mogenizer for saliva. The liberated DNA was precipitated 
with ethanol and resuspended in 10 mmol/L Tris, 1 
mmol/L EDTA. 

Microsateliite Analysis 

Aliquots of DNA were subjected to standard polymer- 
ase chain reaction (PCR) analysis using primers for the 
following loci: D3S656, D3S1293, D3S1234, D3S1217, 
D3S1261, D8S254, D8S261, LPL-tet, D8S298, D8S283, 
D9S104, D9S156, D9S168, D9S171, D9S199, D17S513, 
TP53, D17S799, CHRNB1, D1 7S122, D18S46, D18S363, 
D18S35, D18S39, and D18S41 (Research Genetics, 
Huntsville, AL). The loci were chosen based on the fre- 



quency of their alteration in head and neck tumors. Mic- 
rosateliite location on the chromosomal arms was deter- 
mined based on the latest map In the Genetic Location 
Database of the University of Southampton, U. K. 

One primer was end-labeled using y 32 P-ATP and T4 
polynucleotide kinase. PCR was performed in a 20 /xl 
volume with 10 ng of genpmic DNA, 10 mmol/L Tris-HCL 
(pH 8.3), 50 mmol/L KCI, 2.5 mmol/L MgCI 2 , 0.001% 
gelatin, 0.5 /u,mol/L of each unlabeled primer, 0.01 p.mol/L 
labeled primer, 0.2 mmol/L dNTPs, 5% dimethyl sulfoxide 
(Sigma Chemical, St. Louis, MO), and 0.5 units of Ampli- 
taq Gold DNA polymerase (Perkin-Elmer, Norwalk, CT). 

The amplification, process consisted of: (a) an initial 
10-minute denaturation step at 94°; (b) 35 cycles of de- 
naturation at 94° for 30 seconds, annealing at 55-60° for 
1 minute, and elongation at 72° for 1 minute; and <c) a 
final elongation at 72° for 5 minutes. Sequencing stop 
buffer was added to the reactions. PCR products were 
then denatured at 94° for 5 minutes and quickly chilled, 
and 4-6 /xl was loaded on 7% acrylamide-urea sequenc- 
ing geis containing 32% formamide. Electrophoresis was 
performed at 80 W for 2-4 hours, depending on the 
fragment size. The gels were dried and exposed to Hy- 
perfilm-MP (Amersham, Arlington Heights, IL). 

Evaluations were conducted by two independent ob- 
servers who visually scored the pattern and the band 
intensity between normal tissue, tumor, and saliva spec- 
imens from each case before the identification of the 
patients. LOH was defined by the presence of an allelic 
band difference between nonmalignant epithelium and 
tumor or saliva of more than 50%. Visually suspicious 
cases were subjected to densitometry, and a difference 
of >30% was scored as LOH. Instability was defined as 
the appearance of a novel band that was not seen in the 
normal control. 

Acridine Orange Flow Cytometry 

Disaggregated cells were adjusted to 1.0 x 10 6 cells/ 
ml. A cytospin preparation was evaluated for quality and 
cellular integrity. Cells were subsequently stained with 
acridine orange according to the two-step procedure of 
Traganos et al. 25 Ploidy status was defined by the DNA 
index, which represents the ratio of the relative Gq/G, 
stemline portion of the tumor samples to that of the nor- 
mal peripheral blood lymphocytes. Diploid DNA is de- 
fined by a single Gq/G, peak with a DNA index of 1 .0, and 
DNA aneuploidy is defined by the presence of one or 
more additional stemiines to the right (hyperdiploid, Dl > 
1.0) or the left (hypodiploid, <1.0) of the G Q /G 1 diploid 
peak. A near diploid (hypodiploid or hyperdiploid) Dl was 
determined after mixing the test sample with lymphocyte 
controls. The coefficient of variation (CV) of DNA diploid 
and aneuploid stemline ranged from 2.1 to 5.4 with a 
mean of 3.6 ± 1 .2 and 2.8 to 6.1 with a mean of 4.9 ± 1.6, 
respectively. 

Statistical Methods 

All correlations were performed using a two-tailed Fish- 
er's exact test. 
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Table 1. Clinicopathological and Epidemiological Characteristics of Patients with Oral Squamous Carcinoma 
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• Cases 10 17. and 21 were dropped during the study for lack of sufficient DNA to complete the study. 

* Quit- ceased smoking for at least one year and no current drinking; Yes: alcohol >7 drinks/week; smoking, at least 1 pack/day. 

M, male; F, female; WD. well differentiated; MD. moderately differentiated; PD, poorly differentiated; FOM, floor of mouth; U. unknown; Dl. 
index; PI, proliferative index; Sm, smoking; n/a, not available. 



DNA 



Results 

Table 1 presents the clinicopathologic and epidemio- 
logical characteristics of the 37 study subjects. None 
of the histologically normal squamous mucosas used 
as a control showed any alterations at the microsatellite 
sites tested. Accordingly, no further analysis of the 
lymphocytes from these patients were performed. The 
incidence of LOH at individual markers and its occur- 
rence per chromosomal arm for both tumor and corre- 
sponding saliva samples are presented in Table 2 and 
Figure 1. Chromosomes 9p, 3p, and 17p showed the 
highest incidence of LOH in both tumor and saliva. We 
also investigated the use of small combinations of 
markers to improve the detection of genetic alterations 
in both saliva and tumor samples as a likely approach 
for future clinical applications. Figure 2 illustrates LOH 
found in tumor and saliva (A), tumor alone (B), and 
saliva alone (C). 



Saliva 

Of all 37 saliva specimens, 18 samples (49%) manifested 
LOH, and 19 samples (51%) lacked any abnormalities. 
The most frequent LOH (21.6%) was found at marker 
D3S1234 (8 cases), but adding markers D17S799, and 
D9S156 (13 35%) of the 37 cases analyzed showed LOH 
which led to 100% specificity and 44% sensitivity, of LOH 
detection. Eleven instances of instability were identified in 
saliva from three cases. None of the 10 informative saliva 
samples from healthy individuals showed any LOH at the 
markers used. 



Tumor 

Thirty-two (86%) tumors showed LOH in at least one 
marker, and five (14%) had no LOH. The two markers that 
exhibited LOH most frequently in tumor tissue were 
D9S171 and D9S156, which identified 17 (53%) inci- 
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Table 2. Incidence of LOH in Heterozygous Cases (%) of 

Saliva and Tumor\ Specimens of . Patients with HNSC 
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dences of LOH each. The combination of markers 
D9S171 + D3S1234 identified 24 (75%) of the 32 tumors 
with LOH (P = 0.051). Addition of marker D8S254 to the 
above combination identified three more instances of 
LOH for a total of 27 cases (P = 0.009). This marker 
combination gave 84% sensitivity and 100% specificity of 
LOH detection. Various other combinations of markers, 
especially those of D9S171, D3S1234, D8S254, and 
D9S156, identified similar incidence of tumors with LOH. 



70-. 




Chromosome 



□ Tumor gSalive 

Figure 1. Frequency of I.OII by chromosomal ami in tumor and saliva 
samples. 



Four incidences of instability were- also noted in tumors 
from four different patients/ 



Sixteen tumors from the 18 patients with LOH in saliva 
samples (in one or more of the 25 markers) had LOH in 
corresponding tumors. Also, 16 tumors from the 19 pa- 
tients with no LOH in saliva samples had LOH (P =1 .00, 
Fisher's exact test); the occurrence of LOH in saliva did 
not predict the LOH in corresponding tumor samples. 
One pair of markers (D3S 1234 + D9S199) showed a 
statistically significant correlation in LOH between saliva 
and tumor (P = 0.038), as did many sets of three mark- 
ers. The majority of these sets -of three markers showed 
high agreement between saliva and tumor (LOH in both 
saliva and tumor or lack of LOH in both saliva and tumor). 
However, there was no significant correlation between 
LOH in saliva and in tumor for individual markers.- In three 
instances, reciprocal LOH was noted between saliva and 
matching tumor specimens (Figure^ 2A). In these in- 
stances, the'linding was considered discordant. No con- 
comitant instability was found in any saliva and tumor 
samples manifesting this feature. 

Cytologic Atypia and LOH in Saliva ,, 

No malignant cells were identified in any of the saliva 
samples by cytologic examination of giemsa-stained 
slide preparation. Twenty (54%) of the 37 saliva speci- 
mens had cytologic atypia. Nine (45%) of the 20 cases 
with cytologic atypia had no alterations, and 11 of the 
remaining (55%) had LOH; 7 (41%) of the 17 samples 
with cytologically normal epithelial cells had LOH in at 
least one marker (P = 0.79). Although no correlation 
between LOH at single marker and atypia was found, two 
markers showed the highest association with cytological 
atypia (D9S156 and D9S168, P = 0.132 and P = 0.217, 
respectively). Combining either of these markers with 
D3S1261 showed statistical correlation between LOH 
and atypia (P = 0.02) with 60% and 100% specificity 
(P = 0.020). The inclusion of a third marker did not 
improve the correlation. 

LOH and Clinicopathological Factors 

A correlation between certain marker combinations and 
smoking history at four markers alone or in various com- 
binations (D3S1293, CHRNB1, D8S298, and D9S104) 
showed correlation with this feature. This and other qua- 
druple combinations of markers identified LOH in 15 of 
the 18 smokers (P = 0.0001). Interestingly, patients who 
quit smoking showed an LOH frequency that was be- 
tween that of smokers and nonsmokers: five of the 10 
patients who quit smoking had LOH in at least one of 
these markers in their tumors. Multiple markers in tumors 
correlated with stage (e.g., D3S1261, D8S283, D9ST56, 
D9S168, and TP53); the combination with the highest 
correlation was D3S1261, D9S156, and TP53 (P = 
0.002). Similarly, the combination D18S363 and D8S283 
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Figure 2. Representative illusi rations ofLOH in specimens. A: LOU in both tumor and saliva; B: LOU in tumor alone; C: LOU in saliva alone. N, normal; T, tumor; 
S, saliva. 



was significantly correlated with the DNA index (P = 
0.002). The only factor significantly correlated with LOH 
at marker D3S1248 in saliva was the DNA index (P = 
0.014). 

Saliva from Smoking and Nonsmoking Normal 
Volunteers 

AH of the 10 normal saliva samples were informative for at 
least one of the markers used. None of the DNA extracted 
from the 10 saliva specimens from normal nonsmoking 
and smoking individuals manifested any LOH at the 
markers analyzed. Only one saliva specimen from a nor- 
mal smoker showed instability at one marker on the short 
arm of chromosome 3. 



Discussion 

Molecular genetic studies of HNSC have demonstrated 
frequent genetic alterations at certain chromosomal re- 
gions in premalignant lesions and invasive tumors. 1-9 
The studies also showed that certain regions on chromo- 
somes 3p, 9p, 8p, and 17p are frequently altered in 
dysplastic lesions 1,6 " 8 and may constitute an early event 
in lesion development. Analysis of these markers in oral 
secretions and other accessible specimens may allow for 
rapid, inexpensive, and objective assessment of the ge- 
netic abnormalities at these sites for early detection, 
screening of individuals at high risk, and follow-up of 
patients with cancer. 2 3,26 

In this study, approximately 50% of the saliva samples 
and 86% of the tumor specimens manifested microsatel- 
lite LOH. The incidence of LOH in saliva, however, could 
have been higher had a method to enrich the epithelial 
cells in specimens been used. 27 The results, however, 
support those of previous studies and further underscore 
the early association of these markers with HNSC tumor- 
igenesis. 1 - 2,6,7 The genetic heterogeneity between saliva 
negative for malignant cells and corresponding tumor 
specimens in certain cases, highlight the presence of 



genetic alterations in the squamous epithelial cells lining 
the oral cavity- exclusive of the cancer site. 28 • 29,3 °~ 34 

We, however, found no LOH in any of the histologically 
normal squamous mucosas used as control and we at- 
tribute this to the relatively small contribution of the squa- 
mous epithelium relative to the subepithelial elements in 
the tissues used. Microdissection of epithelial cells may 
have led to the identification of LOH in these histologically 
nondysplastic squamous mucosa as reported in at high 
risk patients 7,34 studied by our group. Nonetheless, the 
finding of LOH in saliva samples lacking malignant cells 
on cytologic evaluation, lends further credence to the 
field cancerization hypothesis and the increased risk of a 
second primary cancer developing in these pa- 
tients 7,26 - 35 - 36,37 . Although none of the patients in this 
study manifested evidence of recurrence or secondary 
tumors thus far, a longer follow-up period is required to 
substantiate this notion. Other studies, however, have 
shown a high concordance in matched secretion and 
tumor specimens, indicating common clonal deriva- 
tion 1 61 7 2o.23.24,38.39 jn these studies, however, malig- 
nant cells were identified and analyzed in the cellular 
sources used. 

In our study, although no cytological evidence of ma- 
lignancy in any of the saliva samples was identified, 
cytologic atypia was found in more than 50% of the 
specimens. This feature correlated significantly with LOH 
at two markers on the short arm of chromosomes 3 and 9. 
Our findings, along with those from previous studies of 
head and neck, lung, and bladder tumors indicate that 
combining molecular and cytologic analyses in secre- 
tions may provide additional information for better iden- 
tification of high risk patients 5 - 7 " 9 - 20,39 ' 40 . Our results also 
show that alterations at microsatellite markers in tumors 
correlated significantly with aggressive clinicopathologic 
factors in these patients. A similar correlation has been 
reported in other studies, indicating that alterations in 
certain chromosomal loci are associated with the patho- 
biologic characteristics of these tumors and may be used 
for the biological assessment of these tumors. 10 11 Of 
particular interest in our study is the finding of a signifi- 
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cant correlation between LOH at certain chromosomal 
regions in tumor and smoking and alcohol consumption. 
Additional investigations of these regions may lead to 
identifying the markers or genes that are associated with 
carcinogenesis. Previous studies have also reported an 
association between LOH in these same chromosomal 
loci and tumors in the upper respiratory tract. 41,42 

In conclusion, the results of our study indicate that, in 
patients with HNSC, saliva is a readily available source of 
DNA for genetic analysis. 42 - 43 Enriching for epithelial 
cells may increase the correlation obtained between sa- 
liva and tumor specimens. Alternatively, cells obtained by 
buccal brushing of multiple sites in the oral cavity may be 
used as a noninvasive substitute for molecular analy- 
sis. 26,44 Our results lend molecular evidence for field 
cancerization 45 - 46 and the use of selective genetic mark- 
ers in early detection of HNSC in people at high 
risk 24 ; 4347 



Acknowledgment 

The authors thank Sue M. Martinez for typing the manu- 
script. 

References 

1. El r Naggar AK, Hurr K, Batsakis JG, Luna MA, Goepfert H, Huff V: 
Sequential loss of heterozygosity at microsatellite motifs in preinva- 

- sive and invasive head and neck squamous carcinoma. Cancer Res 
1995, 55:2656-2659 

2. Califano J. Ahrendt SA ? Meininger G, Westra WH, Joch WM, Sidran- 
sky D: Detection of telomerase activity in oral rinses from head and 
neck squamous cell carcinoma patients. Cancer Res 1996, 56:5720- 
5722 

3. Huang MF, Chang YC. Liao PS, Huang TH, Tsay CH, Chou MY: Loss 
of heterozygosity of p53 gene of oral cancer detected by exfoliative 
cytology. Oral Oncol 1999, 35:296-301 

4. The American Cancer Society: Cancer Facts and Figures. New York, 
The American Cancer Society, 1998 

5. Mao L. Lee DJ. Tockman MS, Erozan YS, Askin F. Sidransky D: 
Microsatellite alterations as clonal markers for the detection of human 
cancer. Proc Natl Acad Sci USA 1994. 91:9871-9875 

6. Califano J, Riet VDP. Westra W, Nawroz H, dayman G, Piantadosi S, 
Corio R. Lee D. Greenberg B. Koch W, Sidransky D: Genetic progres- 
sion model for head and neck cancer: implications for field cancer- 
ization. Cancer Res 1996. 56:2488-2492 

7. Mao L, El-Naggar AK. Papadimitrakopoulou V, Shin DM. Shin HC, Fan 
Y. Zhou X. dayman G. Lee JJ, Lee JS, Hittelman WN, Lippman SM, 
Hong WK: Phenotype and genotype of advanced premalignant head 
and neck lesions after chemopreventive therapy. J Natl Cancer Inst 
1998. 90:1545-1551 

8. El-Naggar AK, Lai S. Clayman G. Lee JK, Luna MA. Goepfert H. 
Batsakis JG: Methylation, a major mechanism of p16/CDKN2 gene 
inactivation in head and neck squamous carcinoma. Am J Pathol 
1997, 151:1767-1774 

.9. Riet VDP, Nawroz H, Hruban RH, Corio R. Tokino K, Koch W. Sidran- 
sky D: Frequent loss of chromosome 9p21-22 early in head and neck 
cancer progression. Cancer Res 1994, 54:1156-1158 

10. Field JK, Kiaris H. Risk JM ; Tsiriyotis C, Adamson R t Zoumpourlis V. 
Rowley H, Taylor K, Whittaker J, Howard P, Beirne JC. Gosney JR. 
Woolgar J. Voughan ED: Allotype of squamous cell carcinoma of the 
head and neck: fractional allelic loss correlates with survival. Br J 
Cancer 1995. 72:1180 -1188 

1 1 . Frank CJ, McCiatchey KD. Devaney DO. Carey TE: Evidence that loss 
of chromosome 18q is associated with tumor progression. Cancer 
Res 1997, 57:824-827 



12. Buchhagen DL, Worsham MJ, VanDyke DL. Carey TE: Two regions of 
homozygosity on chromosome 3p in squamous cell carcinoma of the . 
head and neck: comparison with cytogenetic analysis. Head Neck 
1996, 18:529-537 

13. Oshita F. Nomura I. Yamada K, Kato Y, Tanaka G, Noda K: Detection . 
of K-ras mutations of bronchoalveolar lavage fluid cells aids the 
diagnosis of lung cancer in smali pulmonary lesions. Clin Cancer Res 
1999.5:617-620 

14. Mao L, Hruban RH, Boyle JO.' Tockman M. Sidransky D: Detection of 
oncogene mutations in sputum precedes diagnosis of lung cancer. 
Cancer Res 1994, 54:1634-1637 

15. Mills NE, Fishman CL, Scholes J, Anderson SE. Rom WN, Jacobson 
DR: Detection of K-ras oncogene mutations in bronchoalveolar la- 
vage fluid for lung cancer diagnosis. J Natl Cancer Inst 1995, 87: . 
1056-1060 

16. Sidransky D. von Eschenbach A, Tsai YC. Jones P, Summerhayes I, 
Marshalla F. Paul M, Green P, Hamilton SR, Frost P, Vogelstein B: 
Identification of p53 gene mutations in bladder cancers and urine 
samples. Science 1991. 252:706-709 

17. Sidransky D, Tokino T, Hamilton SR. Kinzler KW. Levin B, Frost P, 
Vogelstein B: Identification of ras oncogene mutations in the stool of 
patient with curable colorectal tumors. Science 1992, 256:102-105 

18 Ahrendt SA, Chow JT. Xu LH, Yang SC. Eisenberger CF, Esteller M, 
Herman JG; Wu L, Decker PA. Jen J. Sidransky D: Molecular detec- 
tion of tumor cells in bronchoalveolar lavage fluid from patients with 
early stage lung cancer. J Natl Cancer Inst 1999, 91:332-3^9 * ' 

19. Miozzo M, Sozzi G. Musso K, Pilotti S. Incarbone M, Pastorino U. 
Pierotti MA: Microsatellite alterations in bronchial and sputum speci- 
mens of lung cancer patients. Cancer Res 1996, 56:2285-2288 

20. Mao L. Schoenberg MP. Scicchitano M, Erozan YS, Merlo A, Schwab 
D. Sidransky D: Molecular detection of primary bladder cancer by 
microsatellite analysis. Science 1996, 271:659-662 

21 . Itoi T t Takei K, Shinohara Y, Takeda K, Nakamura K, Horibe T, Sanada 
A, Ohno H, Matsubayashi H, Saito T, Watanabe H: K-ras codon 12 
and p53 mutations in biopsy specimens and bile from biliary tract 
cancer. Pathol Int 1999. 49:30-37 

22. Marchetti A, Buttitta F, Carnicelli V.-Pellegrini S. Bertacca G, Merlo G, 
Bevilacqua G: Enriched SSCP: a highly sensitive method for the 
detection of unknown mutations. Application to the molecular diag- 
nosis of lung cancer in sputum samples. Diagn Mol Pathol 1997, 
6:185-191 

23. Linn JF, Lango M, Halachmi S, Schoenberg MP, Sidransky D: Micro- 
satellite analysis and telomerase activity in archived tissue and urine 
sample of bladder cancer patients. Int J Cancer 1997, 74:625-629 

24. Rosin MP, Epstein JB, Berean K, Durham S, Hay J, Cheng X, Zeng T. 
Huang Y, Zhang L: The use of exfoliative cell samples to map clonal 
genetic alterations in the oral epithelium of high-risk patients. Cancer 
Res 1997, 57:5258-5260 

25. Traganos F. Darzynkiewicz Z, Sharpless T, Melamed MR: Simulta- 
neous staining of ribonucleic and deoxyribonucleic acids in unfixed 
cells using acridine orange in a flow cytofluorometric system. J His- 
tochem Cytochem 1997. 25:46-56 

26. Richards B. Skoletsky J, Shuber AP. Balfour R, Stern RC. Dorkin HL, 
Parad RB, Witt D, Klinger KW: Multiplex PCR amplification from the 
CFTR gene using DNA prepared from buccal brushes/swabs. Hum 
Mol Genet 1993, 2:159-163 

27. Coombes MM. Mao L, Steck KD. Luna MA, El-Naggar AK: Genotypic 
analysis of flow- sorted and microdissected head and neck squamous 
lesions by whole genome amplification. Diagn Mol Pathol 1998. 
7:197-201 

28. Scholes AG, Woolgar J A, Boyle MA. Brown JS, Vaughan ED, Hart CA, 
Jones AS, Field JK: Synchronous oral carcinomas: independent or 
common clonal origin? Cancer Res 1998, 58:2003-2006 

29. Takes RP, Baatenburg de Jong RJ, Schuuring E, Litvinov SV. Her- 
mans J. Van Krieken JH: Differences in expression of oncogenes and 
tumor suppressor genes in different sites of head and neck squa- 
mous cell. Anticancer Res 1998. 18:4793-4800 

30. Califano J, Westra WH. Joch W, Meininger G. Reed A, Yip L, Boyle 
JO, Lonardo F, Sidransky D: Unknown primary head and neck squa- 
mous cell carcinoma: molecular identification of the site of origin. 
J Natl Cancer Inst 1999, 91:599-604 

31. Chung KY, Mukhopadhyay T. Kim J, Casson A, Ro JY, Goepfert H, 
Hong WK. Roth JA: Discordant p53 gene mutations in primary head 



170 El-Naggar et al 

JMO November 2001. Vol 3, No. 4 



and neck cancers and corresponding second primary cancers of the 
upper aerodigestive tract. Cancer Res 1993. 53:1676-1683 

32. Worsharn MJ: Wolman SR. Carey TE, Zarbo RJ, Benninger MS, Van 
Dyke DL: Common clonal origin of synchronous primary head and 
neck squamous cell carcinomas: analysis by tumor karyotypes and 
fluorescence in situ hybridization. Hum Pathol 1995, 26:251-261 

33. Bedi GC. Westra WH. Gabrielson E. Koch W. Sidransky D: Multiple 
head and neck tumors: evidence for a common clonal origin. Cancer 
Res 1996, 56:2484-2487 

34. Mao L Lee JS. Fan.YH. Ro J, Batsakis JG. lippman S, Hittleman W, 
Hong WK: Frequent microsatellite alterations at chromosome 9p21 
and 3p14 in oral pre-malignant lesions and their value in cancer risk 
assessment. Nat Med 1996. 2:682-685 

35. Leonog PP. Rezai B. Koch WM. Reed A, Eisele D. Lee DJ. Sidransky 
D. Jen J, Westra WH: Distinguishing second primary tumors from lung 
metastases in patients with head and neck squamous cell carcinoma. 
J Natl Cancer Inst 1998. 90:972-977 

36. Sozzi G. Miozzo M, Pastorino U. Pilotti S, Donghi R, Giarola M, 
DeGregorio L. Manenti G, Radice P, Minoletti F, Porta GD. Pierotti MA: 
Genetic evidence for an independent origin of multiple preneoplastic 
and neoplastic lung lesions. Cancer Res 1995. 55:135-140 

37. Van Oijen MG. Slootweg PJ: Oral field cancerization: carcinogen- 
induced independent events or micrometastatic deposits? Cancer 
Epidemiol Biomarkers Prev 2000, 9:249-256 

38. Fey MF. Tobler A: Tumour heterogeneity and clonality: an old theme 
. revisited: Ann Oncol 1996. 7:121-128 

^39" Boyle JO. Mao L; Brennan JA. Koch WM.. Eisele DW. Saunders JR. 
Sidransky D: Gene mutations in saliva as molecular markers for head 
and neck squamous cell carcinoma. Am J Surg 1994, 168:429-432 



40. Kennedy TC. Proudfoot SP. Franklin WA, Merrick TA, Saccomanno G. 
Corkill ME, Mumma DL, Sirgi KE, Miller YE. Archer PG, Prochazka A: 
Cytopathological analysis of sputum in patients with airflow obstruc- 
tion and significant smoking histories.. Cancer Res 1996, 56:4673- 
4678 

41. Litoglou T, Schoies AG. Spandidos DA. Vaughan ED t Jones AS. 
Field JK: p53 mutations in squamous cell carcinoma of the head 
and neck predominate in a subgroup of former and present smok- 
ers with a low frequency of genetic instability. Cancer Res 1997. 
57:4070-4074 

42. Mao L. Lee JS. Kurie JM. Fan YH, Lippman SM, Lee JJ, Ro JY, 
Broxson A. Yu R. Morice RC. Kemp BL. Khuri FR, Walsh GL. Hittelman 
WN, Hong WK: Clonal genetic alterations in the lungs of current and 
former smokers. J Natl Cancer Inst 1997. 89:857-862 

43. Liao P-H, Chang Y-C, Huang M-F, Tai K-W. Chou M-Y: Mutation of 
p53 gene codon 63 in saliva as a molecular marker for oral squamous 
cell carcinoma. Oral Oncol 2000, 36:272-276. 

44. Powell CA, Klares S, O'Connor G, Brody JS: Loss of heterozygosity in 
epithelial cells obtained by bronchial, brushing: clinical utility in lung 
cancer. Clin Cancer Res 1999. 5:2025-2034 

45. Slaughter DP. Southwick HW, Smejkal W: Field cancerization in oral 
stratified squamous epithelium: clinical implications of multicentric 
origin. Cancer 1953. 6:963-968 

46. Garcia SB. Park HS. Novell i M, Wright NA: Field cancerization. clonal- 
• ity, and epithelial stem cells: the. spread of mutated clones jn epithe- 
lial sheets. J Pathol 1999. 187:61-81 . ' 

47. Sidransky D: Nucleic acid-based methods for the detection of can- 
cer. Science 1997, 278:1054-1058 



APPENDIX C 



Vol. 7. 607- 6 1 2, March 2001 



Clinical Cancer Research 607 



Detection of Head and Neck Squamous Cell Carcinoma among 
Exfoliated Oral Mucosal Cells by Microsatellite Analysis 1 



Michael F. Spafford, Wayne M. Koch, 
Andre L. Reed, Joseph A. Califano, Li H. Xu, 
Claus F. Eisenberger, Linwah Yip, Paul L. Leong, 
Li Wu, Shixi X. Liu, Carmen Jeronimo, 
William H. Westra, and David Sidransky 2 

Department of Otolaryngology-Head and Neck Surgery, Johns 
Hopkins University, Baltimore, Maryland 2 1205 

ABSTRACT 

Prompt detection of head and neck squamous cell car- 
cinoma (HNSCC) is vital to successful patient management. 
In this feasibility study, we used microsatellite analysis to 
detect tumor-specific genetic alterations in exfoliated oral 
mucosal cell samples from patients with known cancer. Ex- 
foliated mucosa] cells in pretreatment oral rinse and swab 
samples were collected from 44 HNSCC patients and from 
43 healthy control subjects (20 nonsmokers and 23 smokers). 
We tested a panel of 23 informative microsatellite markers 
to assay DNA from the matched lymphocyte, tumor (from 
cancer cases), and oral t est samples. Loss of heterozygos- 
ity or microsatellite instability of at least one marker was 
detected in 38 (86%) of 44 primary tumors. Identical alter- 
ations were found in the saliva samples in 35 of these 38 
cases (92% of those with markers; 79% overall) including 12 
of 13 cases with small primaries [stage T, or T x (occult 
primary)] and 4 of 4 cases of patients that had undergone 
prior radiation. Microsatellite instability was detectable in 
the saliva in 24 (96%) of 25 cases in which it was present in 
the tumor, and loss of heterozygosity was identified in the 
test sample in 19 (61%) of 31 cases. No microsatellite alter- 
ations were detected in any of the samples from the healthy 
control subjects. This approach must now be refined and 
validated for the detection of clinically occult disease. Mic- 
rosatellite analysis of oral samples may then become a val- 
uable method for detecting and monitoring HNSCC. 
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INTRODUCTION 

HNSCC 3 affects 50,000 Americans and > 500,000 individ- 
uals worldwide each year (1). Early detection can improve 
patient survival and diminish the morbidity of treatment re- 
quired for advanced disease. However, early detection is hin- 
dered by several factors: (a) risk factors (tobacco and alcohol 
use) and early warning signs (such as hoarseness and otalgia) 
are not universally understood; (b) patients often delay seeking 
medical attention for a variety of psychological and social 
reasons; (c) examination of the upper aerodigestive tract re- 
quires expertise and equipment not possessed by many clini- 
cians; and (d) even when a provider has the necessary capability, 
a tumor may remain undetected because many head and neck 
cancers occur in hidden sites such as crypts in the base of tongue 
or tonsil, or beyond view in the hypopharynx and larynx. Failure 
to diagnose HNSCC in its earliest stages is perhaps the greatest 
factor contributing to the poor outcome for treatment of this 
disease. In the larynx, for example, stage I squamous cell 
carcinoma is successfully treated in 90% of cases. In contrast, 
less than 50% of stage IV tumors are controlled, often with loss 
of the larynx (2). Prompt detection is also vital to effective 
surveillance after treatment of HNSCC. The opportunity for 
successful surgical salvage after chemotherapy and/or radiation 
therapy is lost if the residual cancer grows or spreads while 
remaining hidden amid scar or inflammation. Beyond clinical 
examination, no early detection technique currently exists for 
squamous cell carcinoma of the upper aerodigestive tract. Inno- 
vations in early detection technology offer a means to reduce 
morbidity and mortality of HNSCC using current treatment 
options. 

Microsatellite alterations have been used as markers of 
clonality (3) and to detect cancer cell DNA in a background of 
normal cells (4). Microsatellite analysis can reveal either LOH 
or MSI in the amplified microsatellite repeat locus. Tumor- 
specific DNA alterations can be found in the body cavity fluids 
and blood of patients with various cancers. For example, tumor- 
specific microsatellite alterations can be consistently detected in 
the urine of patients with bladder carcinomas (5) and can be 
detected in the serum of a significant percentage of patients with 
HNSCC (6). The purpose of his study was to determine whether 
tumor-specific microsatellite alterations may also be detectable 
in the DNA from exfoliated oral cells in saliva of HNSCC 
patients. We planned to assess a panel of microsatellite markers 
in a group of subjects with clinically apparent cancer and 
healthy control subjects as a first step in the development of a 
screening tool. 



3 The abbreviations used are: HNSCC, head and neck squamous cell 
carcinoma; LOH. loss of heterozygosity; MSI. microsatellite instability. 
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Table 1 Tumor characteristics 
Tumors from 44 patients with HNSCC were analyzed at 23 mic- 
rosatellite loci and results were compared with DNA from peripheral 
blood lymphocytes. Exfoliated oral mucosal cells were also analyzed 
with the same panel of microsatellite markers. The location of the 
tumors was primarily in the oral cavity and oropharynx, accessible to the 
rinse/swab harvesting of exfoliated cells. The T stage reflects the surface 
area of the tumors in general and is distributed from clinically inappar- 
ent (T x ) to extensive T 4 lesions. 
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Oral cavity 


13 


11 


11 


Oropharynx 
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Larynx 
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Hypopharynx 
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10 


rV 


4 
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T x " — — ■ 
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3 
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MATERIALS AND METHODS 
Patients 

The study involved 44 patients with HNSCC and 43 
healthy control subjects including 20 nonsmokers and 23 smok- 
ers. All of the smoking control subjects had at least a 20-pack- 
year smoking history and continued to smoke at the time of 
sample collection. The majority of cancer subjects had newly 
diagnosed HNSCC, although six patients were entered into the 
study at the time of diagnosis of a recurrent cancer or second 
primary cancer after previous radiation therapy. Each of the 
individuals in the control group underwent a physical examina- 
tion by a head and neck surgeon, including inspection of the oral 
cavity, pharynx, and larynx to ensure that no suspicious mucosal 
lesion was present. An Institutional Review Board-approved 
informed consent was obtained from each participant. Table 1 
provides the site and stage of the tumors included in the study. 

Tissue Collection 

All of the samples were collected by a head and neck 
surgeon (M. F. S., W. M. K.). Tumor and blood were obtained 
from each HNSCC patient at the time of biopsy or resection. In 
three cases, the tumor sample was taken from a metastatic 
lymph node of a patient who had presented with cancer arising 
in an unknown mucosal primary site (unknown primary). Fresh 
tumor tissue obtained at surgery was used when available. In six 
cases, the tumor was microdissected from paraffin-embedded 
tissue. Ten ml of blood were collected in citrated rubes as a 
source of normal control DNA. Patients contributed a pretreat- 
ment oral rinse by swishing and gargling for 15 s with 25 ml of 
sterile 0.9% NaCl. Then the oral cavity was swabbed by the 
surgeon using a cotton -tipped applicator. Three strokes were 
performed of each buccal surface, the alveolar ridges, lateral 
tongue, floor of mouth, and pharyngeal inlet (tonsil, soft palate, 
and posterior tongue). The applicator was rinsed in saline after 



stroking each region. At the beginning of the study, the rinse and 
swab material was combined immediately, and analyzed to- 
gether. Later, the rinse and swab samples were kept separate, 
and analyzed individually. All of the results will be reported as 
combined samples because there was no significant advantage 
seen in the analysis of separate rinse and swab specimens. In six 
cases, the tumor involved a site (five larynx, one hypopharynx) 
that would not have been sampled under the protocol of the 
swabbing just described. The test sample in these cases was 
taken at the time of examination under anesthesia, and included 
a swab of the hypopharynx and supraglottic larynx. Blood and 
oral rinse-swab samples were also collected from the 43 control 
subjects. All of the oral samples were collected in a sterile, 
closed container, refrigerated immediately, and processed to 
collect DNA within 8 h. 

DNA extraction 

Tumor 

Frozen Tissue. Representative thin tumor sectjons^were.. 
stained with H&E. Microdissection was performed as needed, 
removing noncancerous tissue to achieve at least a 70% purity 
of the neoplastic cell population. Ten 12-u-m tissue sections 
were placed in 1% SDS/proteinase K (0.5 mg/nil) and incubated 
at 48°C for 72 h. 

Paraffin-embedded Tissue. Representive tumor sam- 
ples were sectioned producing 25 14-u-m samples. They were 
placed on glass slides and microdissected using a dissecting 
microscope. The samples were placed in xylene overnight for 
deparaffinization, pelleted in 70% ethanol, dried, and incubated 
in SDS/proteinase K at 48°C for 72 h. 

Blood 

Ten ml of blood were brought to 30 ml with TM buffer (2% 
Tris-EDTA-MgCl). Lymphocytes were collected by centrituga- 
tion at 2500 rpm for 15 min and were placed in 1% SDS/ 
proteinase K (0.5 mg/ml) at 48°C for 72 h. 

Exfoliative Oral Cells 

The 25 -ml rinse and swab (test) samples were subjected to 
centifugation at 2500 rpm for 15 min. The supernatant was 
discarded, and the cell pellet was retained and placed in 1% 
SDS/proteinase K (0.5 mg/ml) at 48°C for 72 h. Digested tissue 
and fluids from all of the sources were then subjected to phenol- 
chloroform extraction and ethanol precipitation. 

Microsatellite Analysis of DNA 

A panel of twenty-three tetranucleotide microsatellite re- 
peat PCR primers (Research Genetics, Huntsville, AL) that had 
been used in similar studies in our laboratory were selected for 
this study (Table 2). Several of these alterations were known to 
be highly informative because of a study of the allelotype of 
HNSCC (6). Others were identified in studies of lung (7) and 
bladder carcinoma (8). This experience indicated a high fre- 
quency of MSI in microsatellites consisting of (AAAG) n re- 
peats, and, therefore, the panel preferentially included those 
markers. Prior to amplification, 50 ng of one primer from each 
pair was end-labeled with [7~ 32 P]ATP (20 mCi; Amersham Life 
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Table 2 Microsatellite panel 

A panel of 23 microsatellile sequences were used in an effort to identify at least one tumor- specific marker for each of 44 HNSCC lesions. The. 
panel includes markers from chromosomal loci known to have a high likelihood of allelic loss in HNSCC, and many (AAAG) n sequences. These 
tetramers were particularly useful with a high rate of MSI in the tumors. ■• ■ 
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No. of markers, T/S /> 
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1/0 


1/1 


2/1 


1/1 : 


4/1 


1/1 


5/2 


1/1 
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D20S77 


20 


(AAAG) 2 , 


UT5307 


8 


(AAAG) 19 


D9S242 


9q32~33 


(AAAG) 26 (AAAG)^ 


CSFIR-6 
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CDs 


D3S1289 


3p23-3p21 
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17 


(AAAG) n 
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17 


(CA) n 


D17S656 


17 


Genbank accession no. 2574 



" Locations listed as chrojnosome number only have no more specific information available in current web genomic data 
~*T, tumor; S,~saiiva. 



Sciences, Inc., Arlington Heights, IL) and T4 kinase (New 
England Biolabs, Inc., Beverly, MA) in a total volume of 50 jxl. 
PCR reactions were carried out in a total volume of 12.5 jxl 
containing 10 ng genomic DNA, 0.2 ng labeled primer, and 15 
ng of each unlabeled primer. The PCR buffer included 16.6 mM 
ammonium sulfate, 67 m.M Tris (pH 8.8), 6.7 mM magnesium 
chloride, 10 mM p-mercaptoethanol, and 1% DMSO, to which 
were added 1 .5 mM deoxynucleotide triphosphates and 1 .0 unit 
Taq DNA polymerase. (Boehringer-Mannheim Biochemicals, 
Indianapolis, IN). PCR amplifications of each primer set were 
performed for 30-35 cycles consisting of denaturation at 95°C 
for 30 s, annealing at 50-60°C for 60 s, and extension at 72°C 
for 60 s. One-third of the PCR products were separated on 8% 
urea-formamide-polyacrylamide gels and exposed to film from 
4 to 48 h. For informative cases, allelic loss was documented if 
one allele was significantly decreased (>50%) in tumor- or 
oral-test DNA compared with the same allele in the normal 
(lymphocyte) DNA. MSI was described if an additional band 
representing a change in repeat number was noted in tumor- or 
oral-test DNA. All of the samples were assessed by two observ- 
ers independently (M. F. S., D. S.) and borderline cases were 
decided by densitometry. All of the identified alterations were 
confirmed by repeating the PCR reaction and electrophoresis. 
Samples were coded, so that the observers were blinded to the 
individual subject. 

RESULTS 

Thirty-eight of 44 tumors (86%) displayed a microsatellite 
alteration in at least one locus (Table 3). Twenty-five displayed 



Table 3 Number of tumors with LOH and MSI 
Two by two tables demonstrate the number of tumors and oral 
samples with genetic alterations at various microsatellite loci. Tumors 
(6) lacking both MSI and LOH had no markers available for screening 





Tumors with MSI 






No 


Yes 




Tumors with LOH 
Negative 
Positive 


6 
13 


7 
18 


13 
31 




19 


25 


44 



MSI and 31 had LOH at an examined locus. Eighteen tumors 
displayed both MSI and LOH, 1 3 had LOH only and 7 had MSI 
only. Thirty-one tumors had microsatellite alterations at more 
than one locus, but 7 tumors displayed changes in only one 
marker. All of the 23 microsatellites were altered in at least one 
tumor. With this panel, the average number of alterations per 
tumor was 2.7 (range, 0-13) with an average of 1.5 instances of 
LOH (range, 0-5) and 1.2 of MSI (range, 0-13). Thirteen 
markers displayed MSI in two or more tumors (maximum, six 
tumors). Five microsatellites were the only markers altered in at 
least one tumor (Table 2). 

None of the oral specimens of the tumor-free controls 
displayed a microsatellite alteration. In contrast, in 35 (92%) of 
38 cancer cases for which a tumor marker was available, at least 
one genetic alteration matching those seen in the tumor was also 
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Table, 4 Number of tumors and oral samples with any 
microsatellite alteration 
Of 38 cases in which the tumor had at least one microsatellite 
marker, cells with the same alteration were identified in the test sample 

in 35. * " 

Tumors with alteration 

' . - No Yes 

Oral sample 

Negative - 6. 3 9 

Positive 0 . 35 35 

6 38 44 



- ■ Table 5 Number of tumors and oral samples with LOH 
' At least one marker with LOH was present in the tumor in 31 cases 

and co uld be identified in a test sample in 19 cases. 

Turners .vith LOH 
No Yes 

Oral sample — -- — 

Negative 13 12 25 

Positive 0 19 19 

13 31 44 



seen in an exfoliative oral-test specimen (35/44, 79% overall; 
Table 4). In cases for which the oral rinse and swab specimens 
were analyzed separately, tumor DNA was detected in 57% of 
the swab samples compared with 44% of the rinse samples. This 
difference in rate of detection was not statistically significant. 
All of the three cases displaying tumor markers that were not 
detected in the oral exfoliative sample harbored tumor in the 
oropharynx, one involving the tonsil, one, the base of tongue, 
and one, the posterior pharyngeal wall (staged T 3 , T,, and T 2 , 
respectively). In two of these cases, only one marker with LOH 
was found in the tumor ? and, therefore, only one was potentially 
available for detection. 

MSI is more easily recognized amid a background of 
normal cell DNA than is LOH. As a result, MSI was more 
efficient for tumor cell detection in the oral samples. Of the 31 
cases in which a tumor displayed LOH, the same loss was 
detected in the matching test sample in 1 9 cases (61%; Table 5). 
In contrast, MSI was detected in the test specimen in 24 (96%) 
of 25 cases in which a shifted marker was present in the tumor 
(Table 6). Overall, MSI contributed 64% of the positive tumor- 
test matches in the sample set. ■ t 

Twelve (92%) of 1 3 small primary (T x and T^ lesions for 
which a microsatellite marker was identified in the tumor were 
also detected in the test sample (12 of 16 overall; Table 1). 
These 1 2 included the three cases that presented with metastatic 
HNSCC in cervical lymph nodes without a detectable primary 
lesion. In all three of the cases, cells matching the metastatic 
tumor were detected in the test sample. Nine of 10 T, tumors 
were also detected, including one located in the supraglottic 
larynx. The relatively small size of T x and T, primary lesions 
did not adversely influence the likelihood of detecting a LOH 
marker in saliva. Of the 13 T x and T, lesions displaying at least 



Table 6 Number of tumors and oral samples with MSI 
At least one shift marker was present in the tumor in '25 cases and 
could be identified in the test sample in 24 cases. 





Tumors with MSI 






No 


Yes 




Oral sample 
Negative 
Positive 


19 
0 


. 24. , ' 


20 

: 24 




19 


. • -25 


44 



one LOH marker, the same alteration was detected in saliva of 

6 (60%). ; 

Index microsatellite alterations were identified in the tumor 
of 4 of 6 patients entered in the study after prior radiation 
therapy. Matching alterations were detected in exfoliative oral 
samples in all four of the cases. 

"DISCUSSION 

Early cancer detection in body fluids such as urine or 
sputum typically requires morphological identification of a few 
neoplastic cells in a background of normal epithelial cells: 
Standard cytological methods have been shown to have poten- 
tial value for the detection of second primary tumors in the 
esophagus of patients with HNSCC ( 9), and. have been assessed 
for the early detection of lung cancer (10). We did not subject 
our samples to cytological evaluation, although the dental liter- 
ature of the 1960s and 1970s contained numerous reports on the 
use of oral cytology as a diagnostic approach. However, low 
sensitivity and specificity precluded the general adoption of 
microscopic cytology for the detection of primary or recurrent 
HNSCC (11, 12, 13). Cytological evaluation is labor intensive, 
requiring a high degree of experience to . accurately identify 
morphologically suspicious cells. In contrast, assessment of 
molecular alterations is less subjective, relying on the identifi- 
cation of tumor-specific changes in the DNA. This approach is 
also amenable to automation using recent innovations in micro- 
capillary array technology (14). In our hands, molecular markers 
displaying instability have proven to be highly sensitive, able to 
detect a single tumor cell out of 200 normal cells in the urine; 
however, LOH markers are much less sensitive, able to detect 
only one neoplastic cell among 3-4 normal cells (5). In patients 
with bladder cancer, large amounts of neoplastic cells are shed 
into the urine. We were concerned that the rate of normal cell 
turnover in the oral cavity would produce more exfoliation of 
normal cells obscuring the detection of cancer beyond that seen 
in the bladder. However, the results of this study have shown 
that microsatellite analysis (both LOH and MSI) can be used to 
detect DNA from exfoliated tumor cells in the saliva of cancer 
patients. 

The panel of 23 microsatellites identified at least 1 altered 
marker for all but 6 of the tumors in this series. Only tumors that 
displayed alterations at one or more of the loci could be detected 
in an exfoliative sample, which excluded 14% of tumors from 
the analysis. When a tumor marker was available, exfoliated 
cancer cells were detectable in the oral specimens from the vast 
majority (92%) of cases. Failure to detect tumor cells in three 
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cases displaying a tumor-specific marker may be attributed to a 
number of factors, such as necrotic tumor yielding little DNA, a 
high background of normal epithelial cells, mostly submucosal 
tumor growth, problems with sample handling and processing, 
or the type (LOH versus MSI), and quantity of altered markers. 

Previous studies have demonstrated the capability of scrap- 
ings from oral lesions (15) and cytological brushings of laryn- 
geal neoplasms (16) to produce cells with tumor-specific mic- 
rosatellite alterations. Our protocol included swabbing the tumor 
bed, but we did not vigorously scrape or brush the index lesion 
when it was visible. Instead, the harvesting of exfoliative cells 
was performed in a manner intended to simulate a potential 
screening protocol. Our population included six cases in which 
the tumor was not in a region that could be sampled in an 
office-based swab protocol. The hypopharynx and larynx are 
easily sampled under general anesthesia, and exfoliative sam- 
ples from these areas might be obtained in a manner similar to 
"induced sputum" cytology (17). If these cases were eliminated 
from the analysis, the protocol was able to detect cancer in 29 
(90%) of 32 oral and oropharyngeal cases for which a tumor 
marker was available, or 76%~of the remaining population of 38 
patients overall. 

This work constitutes a feasibility trial aiming to demon- 
strate proof of principle for a molecular detection approach 
using our panel of microsatellite markers in patients with obvi- 
ous HNSCC. If the test is validated and refined, molecular 
analysis of exfoliated oral mucosal cells may be useful as a 
detection method for patients at risk for developing HNSCC de 
novo, and as a surveillance tool for patients after completion of 
therapy. A swab of the tumor bed could be performed after 
treatment for tumor surveillance, but swabbing the tumor will 
not be possible when the saliva test is applied to screen at-risk 
individuals without clinical lesions. An indication of the appli- 
cability of the saliva test for screening the at-risk population is 
found in the successful test results of the three patients with 
metastatic HNSCC from unknown mucosal primary sites. Oral 
rinses from these patients produced exfoliated cancer-related 
cells in each case. Although the oral sample could not identify 
the site from which the clonal cells originated, it could identify 
their presence. Directed biopsies of commonly involved muco- 
sal sites are typically harvested in the work-up of patients with 
HNSCC of unknown primary. These could then be analyzed 
both histologically and using microsatellite analysis. We have 
reported the utility of molecular testing to identify cancer cells 
in histologically benign directed biopsy samples from such 
patients (18). 

Radiation therapy might prohibit the application of the test 
in the surveillance setting by altering the rate of exfoliation of 
both normal and cancer cells in the upper aerodigestive tract or 
by interfering with the identification of microsatellite alter- 
ations. However, successful detection of tumor cells was possi- 
ble in the test samples of all four of the patients who had 
undergone previous radiation therapy and who had a marker 
identified in their tumor. These results support the potential 
application of the test in postradiation therapy surveillance. 

Our panel of markers has been developed with an emphasis 
on MSI detection and known areas of LOH, featuring a majority 
of tetranucleotide repeat markers with the (AAAG) n repeat 
motif (Table 2). It was not our goal to streamline the panel of 



markers at this stage of test development. Given the limited 
sample size of this pilot cohort, a marker altered in even one 
tumor was considered potentially valuable. Five microsatellites 
were the sole markers available for at least one tumor and only 
two microsatellite alterations had no positive matches between 
tumor and test samples. Thus, the panel contained few, if any, 
unnecessary markers. For example, one marker (D20S85), that 
was detected in only one tumor was also the only available 
marker for that tumor and was detected in the test sample as 
well. Markers that display MSI were found to be better than 
LOH markers for detecting tumor cells in a background of 
normal cells. Relatively pure clonal populations of tumor cells 
are required for detection of LOH, because the loss of the signal 
may be obscured easily by the presence of the alleles in the 
normal cell majority. Microsatellite loci that display MSI are 
valuable because the amplified novel tumor DNA band sepa- 
rates from maternal and paternal alleles on gel electrophoresis 
and serves as a unique positive-signal clonal marker foi il.o 
tumor and its exfoliated daughter cells. Thirteen markers dis- 
played MSI in multiple tumors. These microsatellites are argu- 
ably the most valuable in the paneL If altered in tumor, they 
were detected in saliva 66% of the time and account for 47% of 
all of the positive saliva results in the entire study. 

Future refinement of the approach may focus on several 
areas. More microsatellite markers could be added to the panel, 
thus increasing the yield of detectable tumors above the current 
86%. In particular, tetranucleotide markers displaying MSI in a 
high proportion of tumors seem to be promising candidates for 
addition to the panel. Tumor-specific promoter methylation 
markers may also be useful (19). Microcapillary array technol- 
ogy now allows more rapid and efficient screening of large 
numbers of samples (12). 

The molecular assessment of exfoliated cells from oral 
rinsing/swabbing must now be tested in a prospective, blinded 
fashion in clinical settings requiring actual cancer detection. The 
fact that no healthy control subject had any DNA alteration is 
encouraging, indicating the excellent specificity of the micro- 
satellite analysis. Normal appearing mucosa in patients with 
early cancer or premalignant lesions has been shown to harbor 
occult microsatellite alterations (20). It is precisely in these 
patients that the value of detecting asymptomatic cancers by 
microsatellite analysis must be prospectively assessed, a setting 
requiring a highly specific test. A saliva test could be adminis- 
tered by nonspecialists in remote locations as a screening tool to 
select patients for referral for careful evaluation of the upper 
aerodigestive tract. Finding early stage, previously undetected 
disease and prompt identification of persistent disease after 
therapy using sensitive microsatellite analysis may ultimately 
save lives. 
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Section of APC and k-ras Mutations in the 
3rum of Patients with Colorectal Cancer 
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ABSTRAGT: Detection of tumor DNA in peripheral blood of patients with colorectal cancer (CRC) may allow 
early diagnosis of tumor disease and be of prognostic value. However, a reliable tumor marker detectable in the 
serum of patients wiiii iiiis disease is missing. Because k-ros and APC mutations occur frequently and at an 
early stage in CRCs, these mutations might also be detected in the serum of CRC patients and serve as tumor 
markers. Hence; tumor tissues of CRCnpatients were examined for the presence of mutations in the k-ros and 
APC genes: If a mutation was detected in the tumor, the serum of the patient was screened subsequently for the 
presence of this mutation. K-ras mutations were detected in 22 of 30 colorectal tumor tissues, but only in six 
patients was the mutation identified in their serum samples. Mutations of the APC gene were identified in 25 
of 65 tumors; 20 of these 25 patients showed the respective mutation in their serum. Given their higher detection 
rate, APC mutations could be a more informative serum marker than k-ras in CRC patients. 

KEY WORDS: APC mutations, colorectal cancer, k-ras mutations, serum marker. 



e presence of tumor DNA in the plasma of cancer 
dents was observed more than two decades ago. 1 
e presence of extractable amounts of DNA in the 
isma of patients with a variety of malignancies and 
absence in healthy controls could be demonstrated. 2 
tthermore, higher amounts of serum DNA in pa- 
nts with metastatic tumor disease than in patients 
th localized disease and decreasing amounts of DNA 
er tumor regression have been shown. 1 However, 
is only since publication of the milestone papers on 
i detection of tumor DNA in the plasma of patients 
th small-cell lung cancers and head and neck can- 
rs 3 * 4 that an ever- increasing number of articles on 
t detection of tumor DNA in the serum or plasma of 
ncer patients have been published. 5-8 This approach 
ay lead to improvement in the diagnosis of cancers 
several ways: ( 1 ) The detection of circulating tumor 
NA may be a marker of metastasis and lead to a 
ore precise staging of tumor disease, thus serving 
a prognostic marker; (2) searching for tumor DNA 
serum may be useful for detecting recurrent disease 
ter surgery or for planning chemotherapy; and (3) 
rculating tumor DNA may prove to be a useful tumor 
arker in cancer screening. 
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In studies on the detection of tumor DNA in the 
serum of colorectal cancer (CRC) patients published 
thus far, microsatellite instability (MSI), loss of hetero- 
zygosity, k-ras mutations, and p53 mutations were 
chosen as diagnostic parameters. MSI has been shown 
to be a valuable serum marker in patients with small- 
cell lung cancer and head and neck cancers. 3,4 How- 
ever, MSI has been shown to be present in only 10% 
to 15% of CRC patients. 9 Furthermore, in none of 15 
tumors showing MSI and in none of 3 1 tumors with 
loss of heterozygosity could Hibi et al. 8 trace these 
microsatellite variations to the sera of their patients. 

K-ras mutations are common in CRC, and approx- 
imately 80% of the mutations are found in codon 12 
of the gene. ,0J[ Data regarding k-ras mutations in the 
serum of CRC patients is contradictory. Though some 
investigators were able to detect mutant k-ras in the 
serum of 86% of CRC patients whose tumors harbored 
a k-ras mutation, 5 ' 6 Hibi et al. 8 found a mutation in 
the serum in only 3 of 16 cases. In contrast, the latter 
authors were able to detect p53 mutations in die serum 
of 7 of 10 patients whose tumors had a p53 mutation. 
However, a p53 mutation was detected in only 10 of 
a total of 33 CRC patients. The authors conclude that 
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the use ofp53 is limited by the large number of differ- 
ent mutations within the gene and that other genetic 
targets such as APC might be a useful marker to study. 

It is well-known that somatic APC mutations 
occur as first events in the cascade of molecular alter- 
ations within the adenoma-carcinoma sequence. 12 
Germline mutations in the APC gene are responsible 
for familial adenomatous polyposis, an autosomal 
dominant precancerous condition characterized by the 
appearance of hundreds to thousands of colorectal ade- 
nomas. APC is a relatively large gene (>8 kb), and 
germline mutations in familial adenomatous polyposis 
patients are widely spread over major parts of its cod- 
ing sequence. Most somatic mutations detected in spo- 
radic CRC, however, are limited to the so-called 
mutation cluster region (MCR) in exon 15, encom- 
„passing codons 1286 through 1513. 13 Mutations oc- 
curring in this relatively small part of the gene can 
easily be detected by heteroduplex or single-strand 
conformation analysis. 

In this study, we set out to compare the potential 
of k-ras mutations and APC mutations as serum mark- 
ers in patients with CRC. 



Detection of k-ras Codon 12 Mutations 

Tumor DNA was amplified by polymerase chain 
reaction (PCR) using the primers and PCR conditions 
as described by Jiang et al.' 4 and Enrius et al.' 5 The 
forward primer <primer A: 5'-ACT GAA TAT AAA 
CTT GTG GTA GTT GGA CCT-3') contains a mis- 
matched nucleotide at the 3' end that generates a re- 
striction site for BstNI in wild-type DNA but not in 
the DNA that harbors a mutation at codon 1 2. DNA 
of the colorectal tumor cell line SW480 was used as 
a positive control for the k-ras codon 12 mutation. 
PCR products were digested with BstNI and separated 
on poly aery 1 amide gels followed by silver staining. 

Detection of APC Mutations 

Somatic mutations in the MCR of the APC gene 
(codons 1286-1513) in the tumors were detected by 
heteroduplex and single-strand conformation analysis 
followed by silver staining, as described previously 
(Figure I). 16 If a mutation was detected, the existence 
of this mutation was excluded in the control DNA 
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Patients 



We included in the study 65 patients with CRC after 
obtaining their written informed consent. All tumors 
were histologically characterized as adenocarcinomas 
and were classified according to Union Internationale 
Contre le Cancer (UICC) stages: 23 patients had UICC 
stage I tumors, 7 stage II, 3 1 stage III, and 4 stage IV 
tumors, respectively. Peripheral blood samples were 
obtained 1 day before and at two intervals (1 and 10 
days) after surgical resection of the tumor. Serum was 
prepared immediately and stored at-70°C. 



DNA Extraction 

Tumor DNA of the CRC patients was extracted 
from paraffin-embedded microdissected tumor tissue 
using the QiaAmp Tissue Kit (Qiagen, Hilden, Ger- 
many). DNA from serum samples was extracted by 
the QiaAmp Blood & Body Fluid Protocol (Qiagen). 



200 bp 
100 bp 



FIGURE 1. Detection of the 5 bp deletion at 
codon 1 309 of the APC gene in tumor tissue (T30) 
and in serum samples of patient 30 taken 1 day 
before (S1), 1 day after (S2), and 10 days after 
operation (S3). The heteroduplex bands are not 
present in DNA from lymphocytes of the patient 
(N30). (P = patient with familial adenomatous 
polyposis, with a germline mutation at codon 
1309, as a positive control tor the mutation; M = 
molecular weight marker with 100 bp ladder.) 
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d from the leukocytes of the same patient to rule 
gennline A/'C mutation. 

ction of Tumor DNA in 
m Samples 

i the patients whose tumors exhibited k-rtts or 
nutations, we screened their serum samples for 
esence of these mutations. Essentially, the same 
ion methods were applied in the sera as in the 
s for k-ras or APC mutations. Howeven owing 
• well-known fact that the tumor DNA present 

serum of cancer patients is partially degraded, 17 
[CR of the APC gene was examined in seven 
Lpping fragments with a length of approximately 
»p each. (Primers and PCR conditions can be 
led on request.) Mutations detected by this 
>d were subsequently confirmed by sequencing 

serum DNA on an AB1 377 sequencer (Perkin 
*, Weiterstadt, Germany) (Figure 2). 



In cases in which the mutations could not be traced 
to the sera; a reamplification was perfoiTried as de^ 
scribed by Deuter and Muller. 1 8 Briefly, the portion 
of the poly aery lamide gel corresponding to the pres- 
ence of aberrant bands in the respective tumors was 
excised and incubated with water at 60°C for 1.5 hours; 
5 jjlI was reamplified, using the same primers and PGR 
conditions as outlined for -APC mutations and primer 
set A and D (primer D: 5'-TCA TGA AAA TGG TCA 
GAG AAA CC-3') for k-tijis mutations. 



RESULTS 

We examined CRC tissue from 65 patients for 
APC and k-ras mutations that might be detectable 
in the patients' sera. Trie presence of tun^Mpcific 
mutations was followed up in the three serum samples, 
obtained from each patient, 1 day before arid 1 and 
10 days after tumor excision: 



3927 - 3931 del AAAGA 



AG AAATAA AAGA TOGA-CG GC 

130 m 150 SI 




T A A A AG A A G G A 
) 140 



G G 




ATA A A AG A GGAT GGA CTAGG 
130 140 150 




S3 



TAAAAGATTGGA C 

no 



GC TA GG T 
150 




IRE 2. Sequencing of the DNA derived from tumor tissue (T) and serum samples of patient 30 
i 1 day before (S1), 1 day after (S2), and 10 days after operation (S3). 
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Detection of k-ras Mutations 

In a first step, 30 CRC patients were examined. 
By using the mutant aiiele-specific restriction 
method, 14 * 15 we were able to detect mutations in codon 
12 of the k-ras gene in 22 of the 30 tumors (73%; 
Table I ). However, when the same method was applied 
to the serum of the patients, the k-rax mutation was 
detectable in only one patient. To increase the detection 
rate; in the serum samples, the position characteristic 
of the mutant allele was excised from the gel, eluted, 
and reamplifled. 18 After reamplillcation, the mutation 
was detectable in the serum samples of another five 
patients. Thus, we ended with a detection rate of 27% 
(6 of 22 patients). In all six patients in whom the 
k-ras mutation could be traced to the serum, all three 
serum samples showed the mutation -(see Table 1). 



Detection of Mutations in the APC Gene 

We also screened the tumors for mutations in the 
MCR of the APC gene. In 13 of the 30 patients (43%), 
a mutation was delected in .the tumor. In 11 of these 
1 3 patients, the mutations could be traced to the serum 
(see Figure I). In one serum sample, no PC R product 
could be obtained. In six cases, the aberrant bands 
observed by heteroduplex analysis of the serum sam- 
ples were excised from the gel and sequenced, to prove 
that they are due to the same mutations as those de- 
tected in the tumors (see Figure 2)., 

From this series of experiments, we determined 
that k-ras mutations were present in the majority of 
CRC cases (22 of 30; 73%) but could be detected in 
only a minority of the serum samples (6 of 22; 27%). 
On the other hand, somatic APC mutations were de- 



DetecUon of k-ras Mutations in Colorectal Tumors and Serum Samples of 22 of 30 Patients 



UICC 



Patient 


stage 


Tumor 


S1 


T7 


I 


+ 




T20 


I 


+ 


+ (GE) 


T23 


I 


+ 




T26 


I 


+ 




T28 


I 


+ 




T4 


II 


+ 


' + 


T6 


II 


+ 




T9 


II 


+ 




T11 


II 


+ 


+ (GE) 


T27 


II 


+ 




T8 


III 


+ 




T15 


III 


+ 


+ (GE) 


T16 


III 


+ 


NPP 


T21 


III 


+ 




T22 


III 


+ 




T24 


III 


+ 


+ (QE) 


T29 


III 


+ 


+(GE) 


T30 


III 


+ 




T31 


III 


+ 




T32 


III 


+ 


NPP 


T3 


IV 


+ 




T18 


IV 


+ 






222 


26 



Serum 



S2 



S3 



+(GE) 



+ (GE) 



+ (GE) 
NPP 



+ (GE) 
+ (GE) 



NPP 

26 



+ (GE) 



+ (GE) 



+ (GE) 
NPP 



+ (GE) 
+(GE) 



NPP 

26 



UICC = Union Internationale Contre le Cancer; S1 = serum 1 day before operation; S2 = serum 1 
day after operation; S3 = serum 10 days after operation; + indicates mutation detected; - inaicates 
no mutation detected; (GE) = detectable after extraction from gel and reamplificahon; NPP - no 
polymerase chain reaction product. 

Note: No k-ras codon 12 mutation was identified in eight tumors. 
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\ only 43% of all tumors (13 of 30) but could 
d to most of the corresponding serum samples 
13; 85%). Thus, APC mutations were more 
tly detectable in the serum of our CRC patients, 
mg that mutant APC might be a more sensi- 
nor marker as compared to k-rus codon 12 
ns. 

srefore, in a second series of 35 CRC patients, 
nined tumor and serum samples for APC muta- 
ly. In 1 2 tumors, an A PC mutation was detected 
ild be traced to the corresponding serum sam- 
9 cases. Thus, the results were similar to those 
d in the first 30 patients (Table 2). 
our study, we observed a tendency toward a 



tion"of Al^d 6 ^^^^^ Colorectal Tumors and Serum Samples of 25 Patients 



UlCC 
stage 


Tumor 


31 


Serum 
S2 


S3 


Sequencing of 
serum DNA 


1 


+ 


+ 


+ 


+ 


ND 


1 


+ 


+ 


+ 




ND 


1 


+ 


+ 


+ 


+ 


nt4372 del C 


1 


+ 


+ 




+ 


nt4087-4088 del AA 


1 


+ 


NPP 


NPP 


NPP 




1 


+ 










1 


+ 


+ 


+ 




ND 


II 


+ 


+ 


+ 




ND 


11 


+ 








ND 


II 
II 


+ 


+ 


+ 




nt4087-4088 del AA 


+ 


+ 






ND 


111 


+ 


+ 


. + 


+ 


nt4463 del T 


111 


+ 


NPP 


NPP 


NPP 




III 


+ 


+ 


+ 


+ 


ND 


III 


+ 




+ 


+ 


nt3927-3931 del AAAGA 


111 


+ 


+ . 


+ 


+ 


ND 


III 




+ 


+ 


+ 


ND 


III 


+ 


NPP 


NPP 


NPP 




III 


+ 


+ 


+ 


+ 


ND 


III 


+ 


+ 


+ 


+ 


nt3927-3931 del AAAGA 


Hi 


+ 


+ 


+ 


+ 


ND 


III 


+ 






+ 


ND 


IV 


+ 


+ 


+ 


+ 


nt3927-3931 del AAAGA 


IV 


+ 


+ 


+ 


+ 


ND 


IV 


+ 


+ 


+ 


+ 


ND 


£25 


£20 


220 


£16 


£7 



= Union Internationale Contre le Cancer; S1 = serum 1 day before operation, S2 = serum 1 
fter operation, S3 = serum 10 days after operation; + indicates mutation detected; - indicates 
jtation detected; ND = not done; NPP = no polymerase chain reaction product. 
In 40 tumors, no mutation in the mutation cluster region of the APC gene could be detected. Of 
tumors, 10 were UlCC stage I, 8 UlCC stage II, 14 UlCC stage III, and 8 UlCC stage IV. 



stage-dependent difference in the occurrence of APC 
mutations in the serum of CRC patients, which may 
point to its possible significance as a prognostic 
marker. The percentage of APC mutations detected in 
the tumors did not differ among UlCC stage I, II, III, 
and IV tumors: Hence, the well-known early occur- 
rence of mutations in the APC gene has been con- 
firmed. Overall, APC mutations have been detected 
in 25 of the 65 tumors examined (see Table 2). Subse- 
quently, the serum samples of these 25 patients were 
screened for the presence of the respective mutations. 
In three patients whose APC mutations could not be 
detected in their serum samples, no PCR products were 
obtained at any of the three blood sampling events, 
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possibly owing to the presence of inhibitors in the 
patients' serum. Of the remaining 22 patients whose 
tumors showed APC mutations, 10 had UICC stage I 
and II tumors and 12 had UICC stage III and IV 
tumors. Whereas in all 12 patients with stage III and 
IV tumors the respective A PC mutation could be traced 
to their serum samples, the mutations could be detected 
in only 8 of the 10 patients with stage I and II tumors. 
Furthermore, in four of these eight patients, the respec- 
tive mutation was no longer detectable in the serum 
sample taken at day 10 postoperatively. In contrast, 
none of the 1 2 patients at stages III and IV had lost 
the APC mutations from their serum taken at day 10 
postoperatively (see Table 2). However, any comment 
on the significance of this difference must be prefaced 
by information on follow-up of these patients. 

DISCUSSION 

According to the literature, 20% to 50% of all 
CRCs harbor somatic mutations in the k-ras gene, and 
80% of these occur in codon 12 of the gene. By the 
mutant allele-specific restriction method we used, we 
were able to detect mutations in codon 12 of the fe- 
rns gene in 22 of 30 tumors (73%; see Table 1 ). How- 
ever, tbe mutation could be traced to the serum of 
only 6 of these 22 patients (27%). This finding is in 
agreement with the data published by Hibi et al., 8 who 
found k-ras mutations in the serum in 3 of 16 CRC 
patients (19%) whose tumors exhibited k-ras muta- 
tions. In contrast, studies by Anker et al., 5 de Kok et 
al., 6 and Kopreski et al. 7 found a much higher propor- 
tion of mutant k-ras in the serum of CRC patients. 
Kopreski *s group 7 reported on the detection of k-ras 
codon 12 mutations in the serum of 12 of 31 patients 
(39%), all of whom had metastatic disease. 

Likewise, de Kok et al. 6 included in their study 
only patients with advanced disease (UICC stage IV 
tumors). They found k-ras codon 12 or 13 mutations 
in the serum of six of seven CRC patients (86%) whose 
tumors proved positive for a mutation. Anker et al. 5 
also found mutations in the serum of six of seven 
patients whose tumors harbored k-ras mutations. In a 
subset of their patients, Anker's group 5 proved the 
presence of k-ras mutations in the serum through clon- 
ing and sequencing techniques to rule out the possibil- 
ity of false-positive results. 

False-positive results in the detection of k-ras mu- 
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tations are due to the generation of PCR artifacts, 
which are likely to occur with increasing cycles of 
PCR. Therefore, the method of reamplification of the 
mutant allele we used could be prone to false-positive 
results, as a second round of 25 PCR cycles is used 
after the first PCR round consisting of 32 cycles. Tir 
rule out this possibility, the existence of the detected 
mutations should be confirmed by a second method 
(e.g., sequencing) in an independent PCR probe. How- 
ever, this would make the diagnostic program even 
more laborious and expensive and not feasible in a ; 
routine setting. Furthermore, we could find k-ras muta- 
tions in the serum of only 27% of the patients, which 
confirms the results of Hibi et al. 8 Thus, we decided 
tc complete the k-ras investigations after 30 patients 
and proceed with the APC study, as the results of the 
latter were^rnQEe^promising. 

By screening colorectal tumors of 65 patients for 
somatic mutations in the MCR of the APC gene, we 
detected a mutation in 25 tumors (38.5%; see Table 
2). This rate of mutations within the MCR agrees well 
with published data. 13 : 18 ' 19 In 20 of the 25 cases, the 
respective mutations could be detected in the serum. 
In our hands, the screening for mutations within the 

MGR-ofthe-;4PC gene by nonradioactive single-strand 

conformation polymorphism and heteroduplex analy- 
sis is both rapid and simple, and the results obtained 
with mutated APC as a serum marker in CRC patients 
were more promising than results obtained with 
k-ras. Furthermore, we observed a tendency to a stage- 
dependent difference in the occurrence of APC muta- 
tions in the serum of CRC patients, which may point 
to a possible significance as a prognostic marker. 

There were two considerations for taking the 
serum samples at three different time points: First, it 
is possible to detect tumor DNA in the serum postoper- 
atively but not preoperati vely, owing to the dissemina- 
tion of tumor cells during surgical intervention. 
However, in all patients in whom we were able to 
detect mutant DNA in the serum, the mutant DNA 
was present both 1 day before and I day after tumor 
excision. We therefore conclude that this method is 
not useful for the demonstration of tumor cell dissemi- 
nation by the surgeon. 

Second, it is possible that mutations detected in 
the serum preoperati vely are lost after surgery as an 
indication of complete tumor excision. Although we 
observed this, it happened in only a minority of cases 
and, even in four of ten patients at UICC stage 1 
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tumors, the mutant DNA remained 10 days 
iratively. We therefore speculate that the last 
samples might have been taken too early, as 
me may be needed for the mutant DNA to clear 
)e blood. However, the time point was chosen 
:lical reasons, because the patients usually stay 
clinic for approximately 10 days after surgery, 
ken together, despite the much higher propor- 
fc-ms mutations detected in tumors (73%) as 
red to APC mutations (38.5%), in our hands 
i superior as a serum marker in patients with 
as we could trace the k-ras mutations to the 
of only 27% of the patients, whereas we could 
le APC mutations detected in the tumors to 80% 
corresponding serum samples. In conclusion, 
:ems to be a good serum marker for the detection 
or cell DNA from CRCs. Nonetheless, -there- --^ 
s a need to identify additional markers, as only 
r so of all CRCs harbor mutations within the 
>f the APC gene. To estimate whether this serum 
• is also a valuable indicator of prognosis in 
>atients, a longitudinal follow-up study of the 
s is being conducted. 
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jective 

evaluate the prognostic significance of isolated tumor cells 
acted by a panel pf various monoclonal antibodies. 

nmary Background Data 

/iously, we showed by using immunocytology that cancer 
5 are frequently found In bone marrow and peritoneal cav- 
amples of gastrointestinal cancer patients. 

thods 

lings in bone marrow and peritoneal cavity samples were 
pared and correlated with the 4-year survival rate of 84 
trie and 1 09 colorectal patients with cancer. 



lie success of surgical treatment in patients with gastric 
colorectal cancer is often limited. This is because of 
d recurrence or the development of distant metastases or 
itoneal carcinosis by cells that have already been seeded 
he time of operation but cannot be detected using con- 
tional diagnostic tools. The elimination of these micro- 
tastauc cells is the aim of various adjuvant therapies, 1 ' 2 
: obviously it would be helpful to detect minimal residual 
sase. 

Jsing immunocytologic methods, which are significantly 
re sensitive than conventional cytology, 3 it has become 
sible to detect disseminated tumor cells in the bone 
rrow of patients with breast cancer, 4 small cell lung 
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Results 

Although positive results in the bone marrow showed little 
prognostic significance, the peritoneal cavity results correlated 
with the 4-year survival rate (gastric cancer p = 0.0038; 
colorectal cancer: p = 0.0079). Additiohally, in subgroups of 
patients with early (gastric cancer: p = 0.02, colorectal. can- 
cer: p = 0.48) and advanced (gastric cancer: p = 0.02. colo- 
rectal cancer: p < 0.0001 ) tumor stages, a correlation of im- 
munocytologic findings and the survival rate was seen. 

Conclusions 

The detection of minimal residual disease in the peritoneal 
cavity serves as a new prognostic marker. 



cancer, 5 neuroblastoma, 6 prostatic cancer, 7 gastric cancer, 8 
colorectal cancer, 9 and pancreatic cancer. 10 

Bone marrow metastases are rare in gastric and colorectal 
cancer. 1 1 The high frequency of intraperitoneal tumor re- 
lapse and peritoneal carcinosis strongly suggests that mi- 
crometastatic cells are most likely present within the peri- 
toneal cavity. 

Previously, we showed that disseminated cancer cells 
become specifically detectable in the peritoneal cavity of 
patients with gastric, colorectal, and pancreatic cancer. 10 It 
was shown that at the time of the operation, tumor cells 
occur with high frequency in the peritoneal cavity and in the 
bone marrow. However, it remains unclear if single tumor 
cells are of prognostic significance and have the ability to 
form metastatic disease. 

No comprehensive immunocytologic studies exist con- 
cerning the prognostic significance of isolated intraperito- 
neal tumor cells. Therefore, we extended our former study 
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u-ger collection of patients and investigated peritoneal 
s samples collected at the beginning of the operation, 
dian, the follow-up was 4 years. We also examined the 
marrow for micrometastatic cells because this is an 
' accessible filter compartment of the bloodstream, and 
)mpared the results of these two compartments of the 

munocytologic studies of bone marrow samples from 
t patients used anticytokeratin antibodies, which stain 
;lial cells not present in bone marrow. 4 ' 5 ' 9 This is not 
[cable for peritoneal cavity samples because of cross- 
on with mesothelial cells. We applied and compared a 
of different monoclonal antibodies (anti-CEA, anti- 
>-9, anti-Ra%, anti-C54-0, anti-17-lA) directed against 
r-associated antigens that have been tested in a control 
) and do not react with normal peritoneal and bone 
>w cells. Bone marrow samples were also studied with 
nticytokeratin antibody KM. 

5 showed that tumor cells were frequently detectable in 
eritoneal cavity and in the bone marrow. Their occur- 
in the peritoneal cavity correlated to a highly signif- 
degree with the postoperative survival rate of colorec- 
id gastric cancer patients. 

FERIAL AND METHODS 
ents 

l patients were extensively informed and gave written 
ait- for the investigations,-inc!uding the bone marrow 
ation. The study was approved by the ethical commis- 
of the University Hospital Kiel. 

|hty-four gastric and 109 colorectal patients with can- 
vho underwent surgery were investigated. No bone 
3w sample was obtainable in 26 patients because they 
ned to give consent. Peritoneal lavage could not be 
rmed in 22 patients because of adhesions, 
control group comprised 58 patients with a variety of 
lalignant diseases, including benign liver tumors (n = 
iigmoid diverticulitis (n = 8), chronic pancreatitis (n = 
holecystolithiasis (n = 4), duodenal ulcers (n = 4), 
asia (n = 4), and hypersplenism (n = 4). Forty-five 
marrow and 43 peritoneal cavity samples were col- 
i from the control group. Also, ascites from patients 
liver cirrhosis (n — 5) and bone marrow samples from 
nts with benign hematologic diseases (n = 12) were 
;tigated. 

iples 

me marrow (8 mL) was aspirated from the right spina 
i anterior at the beginning of the operation using a 
hidi needle. Peritoneal lavage was performed before 
pulation of the tumor. One liter of isotonic sodium 
ide solution was instilled and immediately removed, 
lavage solution was centrifuged (1200 g for 10 min- 



utes). The cells were further processed by Ficoll-Paque 
(Pharmacia, Uppsala, Sweden) and were centrifuged onto 
microscopic slides (2.5 X 10 5 cells/slide). Cytospins were 
fixed in acetone and stored at -20 C. 



Immunocytochemistry 

Staining of cytospins was performed by the immunoper- 
oxidase method with six different monoclonal antibodies, as 
described previouslylO: 1) C1P83 12 : anti-CEA; 2) CA19- 
9 13 : determinants of Lewis blood group antigens; 3) 17- 
1A 14 : membrane antigen; 4) Ra96 15 ; mucin; 5) C54-0 16 : 
membrane antigen (because of a cross-reactivity with a 
subpopulation of lymphopoietic cells in the bone marrow, 
C-54-0 was used only in peritoneal cavity samples); and 6) 
Kl-1 (Dianova, Hamburg, Germany): cytokeratin (used only 
in bone marrow samples). Each antibody was tested on a 
slide with 2.5 X 10 5 cells. A positive control (WIDR-colon 
cancer cells) and a negative control (no specific monoclonal 
antibody) were stained in parallel to the samples. The mi- 
croscopic evaluation was carried out independently by two 
investigators who were unaware of the patient data. 

Evaluation of Data 

Samples were evaluated as positive for tumor cells if at 
least one cell reacted with one of the monoclonal antibodies. 
The detection rate was correlated with the UICC classifica- 
tion of the tumor stage and the R classification. 17 

"After surgeiy,~patients^ere~ex our out>~ 

patient clinic or by their general practitioner. Every 3 
months a clinical examination and blood tests, including 
tumor markers CEA and CA19-9, were done, and every 6 
months a sonography or CT scan and an endoscopy were 
performed. 

Survival rates were determined by Kaplan-Meier test and 
calculations of significance by the log-rank test. 



RESULTS 
Control Group 

In 43 of 45 patients, no cell staining was seen in bone 
marrow samples with Kl-1, C1P83, Ra96, CA19-9, and 
17-1A. In 2 patients, single cells were stained with Kl-1, 
C1P83, and 17-1A. Also, 1 patient had positive cells for 
CA19-9. Both patients were strongly suspected of suffering 
from pancreatic cancer and were therefore treated by a 
Whipple operation. The histologic analysis could not con- 
firm this diagnosis and found chronic pancreatitis. 

The peritoneal lavage samples of patients with no malig- 
nant diseases showed, in 40 of 43 cases, no cross-reaction of 
the applied antibodies (C1P83, Ra96, CA19-9, 17-1 A, C54- 
0). Two patients with chronic pancreatitis were positive for 
C54-0 or C1P83. A third patient with chronic hepatitis C 
was positive for C54-0. 
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Morectal Cancer 

[n 49% (53 of 109) of the patients, stained cells were 
;ected in the bone marrow (33% [35/105]) or in the 
-itoneal cavity (31% [34/109]). Fourteen patients showed 
sitive staining in both compartments. 
Kl-1 showed the highest detection rate in bone marrow 
nples, followed by CA19-9 and C1P83 (anti-CEA). In peri- 
teal cavity samples, CA19-9 and C1P83 reacted with the 
fiest frequency with tumor cells. The combination of all 
ibodies significantly increased the detection rate (Fig. 1A). 
In bone marrow and peritoneal cavity samples, the detec- 
n rate increased in parallel with the tumor stage (Fig. 2). 
erestingly, already 19% of patients with a stage I tumor 
i positive cells within the peritoneal cavity. 
Forty-four percent of RO-resected patients (n = 96) 
>wed tumor cell spread either in the peritoneal cavity 
\% [21/94]) or in the bone marrow (33% [27/83]). 
Hie postoperative 4-year survival rate was determined in 
? patients. The cumulative survival rates for peritoneal 
dry and bone marrow findings are shown in Figure 3. 
ter 4 years, 28% of patients with positive immunocyto- 
ic findings in the peritoneal cavity were alive versus 60% 
patients with negative findings (p = 0.0079). No cone- 
on was found by evaluating the results of bone marrow 
iples. 



To determine if the antibodies vary in their correlation 
with the survival rate, each single antibody result was eval- 
uated separately. A highly significant correlation with the 
survival and peritoneal cavity findings was found for ClP83 
(p < 0.0001) and CA19-9 (p = 0.0002). The findings with 
C54-0 (p = 0015) and Ra96 (p = 0.03) were also statisti- 
cally significant. Only 17-1 A did not detect prognostically 
relevant cells (p = 0.48). In bone marrow samples, Ra96- 
positive patients showed a worse but statistically hot sig- 
nificant (p = 0.2) prognosis: all 9 positive patients died 
within 3 years, compared to a 40% survival rate of negative 
patients. AH other antibodies, including KM, showed no 
prognostic significance (CI P83: p = 0.7; CA19-9: p = 
0.48; 17-1A: p = 0.9; Kl-1: p = 0.42). 

Consequently, further evaluation of peritoneal cavity 
samples excluded 17-1 A findings. Additionally, the results 
from C54-0 were not taken into account because this anti- 
body did not show prognostic significance in gastric cancer 
and reacted with normal cells of lavage samples from three 
cases in the control group. 

Patients were evaluated according to their tumor stage to 
determine if the occurrence of isolated tumor cells has a 
prognostic significance independent from the UICC classi- 
fication. Table 1 summarizes the results for each tumor 
stage. In all stages, patients with positive peritoneal cavity 
findings showed a worse survival rate than negative patients 
(stage I: 75% vs. 93%; stage II: 80% vs. 82%; stage HI: 33% 
vs. 65%; stage IV: 8% vs. 27%). 

The low number of cases hindered the K aplan-Meier 
calculation for each stage. Therefore, patients with an "ear- 
ly tumor stage" (stages I and II, n = 56) and advanced 
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Figure 2. Correlation between the UICC tumor stage and positive 
findings in the bone marrow (bm) and peritoneal cavity (pc) of colorectal 
cancer patients. Bone marrow: stage I, n = 15; stage II, n = 33; stage 
III, n = 28; stage IV, n = 29. Peritoneal cavity: stage I, n » 21 ; stage II, 
n = 33; stage III, n = 27; stage IV, n = 28. 
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» 3. Kaplan-Meier calculation for the cumulative 4-year survival 
patients with colorectal cancer with antibody-positive (Ab-posi- 
xsus antibody-negative (Ab-negative) samples, (a) Results of 
eal lavage samples (p = 0.0079). — Ab-positive (n = 34); 
>-negative (n = 75) (b) Evaluation of bone marrow samples (p = 
— Ab-positive (n = 35): - - - Ab-negative (n = 70) 



Table 1. SURVIVAL OF COLORECTAL 

CANCER PATIENTS WITH 
POSITIVE/NEGATIVE FINDINGS IN THE 
PERITONEAL LAVAGE (PL) AND IN THE 
BONE MARROW (BM) 



Positive 


Negative 


Positive 


Negative 


PL 


PL 


BM 


BM 


3/4(75) 


13/14(93) 


4/4 (100) 


11/12(92) 


8/10(80) 


23/28 (82) 


7/8 (87) 


18/24 (75) 


1/3(33) 


15/23 (65) 


9/10 (90) 


9/20 (45) 


1/13 (8) 


3/11 (27) 


0/9 (0) 


5/17(29) 



are the numbers of patients that survived within the observation period in 
to the total number of cases with tumor stages I, II. Ill, and IV; the value in 
eses is the percentage of 4-year survival. (17-1 A and C54-0 antibody 
ire excluded) 
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Figure 4. Correlation of the postoperative survival rate and immuno- 
cytologic findings in the peritoneal cavity of patients with colorectal 
cancer (17-1A and C54-0 antibody results are excluded). Cases are 
compared with early tumor (stages I and II) (p = 0.48) and advanced 
(stages HI and IV) (p < 0.0001). Stage l/ll Ab-negative (n = 42); Stage l/ll 
Ab-positive (n = 14); Stage IIHV Ab-negative (n = 34) 



cancer (stages III and IV, n = 50) were combined and 
evaluated with the log-rank test. 

~ The survival rates of patients with stage I and H disease 
and a positive or negative peritoneal cavity finding ran 
parallel in the first 2 postoperative years. Afterward, the 
curves divided: after 3 years, 80% of patients with negative 
results were still alive versus 69% in the positive group (p = 
0.48). In patients with stage III and IV disease, die differ- 
ence between positive and negative findings became statis- 
tically highly significant (p < 0.0001) (Fig. 4). In bone 
marrow samples, no correlation was seen by evaluation of 
single tumor stages except in stage IV patients (see Table 1) 
and by Kaplan-Meier analysis of early and advanced pa- 
tients (data not shown). 

Gastric Cancer 

Positive stained cells were detected in 64% (54 of 84) of 
the patients, with 53% (33 of 62) positive peritoneal cavity 
samples and 48% (30 of 62) positive bone marrow samples. 
Nineteen patients had disseminated tumor cells in both 
compartments. Figure 5 shows a typical microscopic picture 
of a ClP83-positive peritoneal cavity sample. 

Kl-1 showed the highest detection rate in bone marrow 
samples, followed by C1P83 and CA19-9. In peritoneal 
cavity samples, C1P83 and CA19-9 stained tumor cells 
with the highest frequency. The combination of all anti- 
bodies significantly increased the detection rate (Fig. 
IB). 
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Figure 5. Cytospin of a peritoneal lavage sample from a patient with gastric cancer 
C1P83 (anti-CEA) antibody. Bar = 40 /xm. 



(stage II) stained with 



[n peritoneal cavity samples, the detection rate increased 
parallel with the tumor stage (Fig. 6), showing positive 
nples in 32% of stage I and 77% of stage IV patients. 
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mre 6. Correlation between the UICC tumor stage and positive 
lings in the bone marrow and peritoneal cavity of gastric cancer 
ients. Bone marrow: stage I, n ■ 20; stages II and III, n = 23 (stage 
i = 9; stage III, n = 14); stage IV, n = 19. Peritoneal cavity: stage I, 
1 9; stages II and III, n = 21 (stage II, n = 1 0; stage III, n - 11 ); stage 
n = 22. 



Only a small increase was seen between bone marrow 
findings of progressing tumors. 

RO-resected patients showed a tumor cell spread in 55% 
of the peritoneal lavage (n = 31) and in 49% of the bone 
marrow probes (n = 41). 

The cumulative postoperative survival rate was correlated 
with the immunocytologic findings and showed highly sig- 
nificant results in peritoneal cavity samples (p = 0.0038), 
but no correlation was seen in bone marrow samples (p = 1) 
(Fig. 7). 

The single antibody evaluation showed highly significant 
results for Ra96, CA19-9, and C1P83 (p < 0.0001) in 
peritoneal cavity samples. The 17-1 A antibody also corre- 
lated (p = 0.023), but no correlation was found with C54-0 
(p = 0.9). In bone marrow samples, C1P83 and KM de- 
tected prognostically relevant cells. All 14 patients with 
C1P83 tumor cell staining died within 2 years (p = 0.08). In 
patients with advanced cancer, Kl-1 detection of tumor cells 
correlated with a worse survival (p = 0.12). 

Patients were evaluated according to tumor stage to 
determine if the occurrence of isolated tumor cells had a 
prognostic significance independent of the UICC classi- 
fication. Results from C54-0 and 17-1A were excluded. 
Table 2 summarizes the results for each tumor stage. In 
all stages except stage I, patients with positive peritoneal 
findings showed a worse survival rate than negative pa- 
tients (stage II: 50% vs. 100%; stage III: 40% vs. 56%; 
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i 7. Kaplan-Meier calculation for the cumulative 4-year survival 
gastric cancer patients with antibody-positive (Ab- positive) ver- 
tibody-negative (Ab- negative) samples, (a) Results of peritoneal 
samples (p = 0.0038). — Ab-positive (n = 33); — Ab-nega- 
i = 29) (b) Evaluation of bone marrow samples (p = 1). 
D-positive (n = 30); - - - Ab-negative (n = 32) 



IV: 7% vs. 50%). In stage I, the group size was too 
to draw any conclusions (2 positive patients vs. 18 
ive). 

plan-Meier curves were calculated with the log-rank 
y combining stage I and II patients and stage III and IV 
its. As in colorectal cancer, the survival curves in stage 

II patients ran parallel for 2 years before dividing. 

4 years, patients with negative peritoneal samples 
ed a significantly better survival rate than patients with 
ve findings (80% vs. 54%, p = 0.02). This difference 
jven more striking in advanced patients: The Kaplan- 
r calculation showed that all positive patients die 
n 2.5 years, but 54% of negative patients survive at 
4 years (p = 0.02) (see Fig. 8). 
bone marrow samples, patients with stage III and IV 
ed a worse survival when tumor cells were detected: at 
its, 14% of stage III and 0% of stage IV positive 
Us survived versus 50% and 30% of negative patients, 
ctively. The combined evaluation of stage I and II and 
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Figure 8. Correlation of the postoperative survival rate and immuno- 
cytoiogic findings in the peritoneal cavity of patients with gastric cancer 
(1 7-1 A and C54-0 antibody results are excluded). Cases are compared 
with earty tumor (stages I and II) (p = 0.02) and advanced (stages III and 
fV) (p = 0.02). Results with the antibodies 17-1 A and C54-0 were 
excluded. Stage l/ll, Ab-negative (n = 22) 



stage III and IV patients* as performed by Kaplan-Meier 
analysis , showed ho statistically significant differ ences in 
either group. 

DISCUSSION 

By immunocytologic techniques, it has become possible 
to detect isolated tumor cells in the bone marrow of various 
cancer patients. Most studies have been performed with 
breast cancer patients using an antibody specific for epithe- 



Table 2. SURVIVAL OF GASTRIC 
CANCER PATIENTS WITH 
POSITIVE/NEGATIVE 
IMMUNOCYTOLOGICAL FINDINGS IN THE 
PERITONEAL LAVAGE (PL) AND IN THE 
BONE MARROW (BM) 



Stage 



Positive 
PL 



Negative 
PL 



Positive 
BM 



Negative 
BM 



li 
111 

rv 



2/2 (100) 
3/6 (50) 
2/5 (40) 
1/14 (7) 



15/18 (83) 
4/4(100) 
5/9 (56) 
2/4 (50) 



7/7 (100) 
4/4 (100) 
1/7 (14) 
0/8 (0) 



6/9(67) 
2/3(67) 
5/10(50) 
3/10(30) 



Values are the numbers of patients that survived within the observation period in 
relation to the total number of cases with tumor stages I, II. III. and the fV; value in 
parentheses is the percentage of 4-year survival. (17-1 A and C54-0 antibody 
results are excluded) 
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l cells to detect tumor cell spread in the bone marrow at 
: time of operation. 18 A strong correlation between tumor 
[1 detection and survival could be seen; hence, in these 
tients, the finding of isolated cancer cells may serve as a 
w prognostic marker. 4 Further studies were published 
scribing a similar approach to search for isolated tumor 
tls in the bone marrow of patients with lung cancer, 5 
astatic cancer, 7 and neuroblastoma. 6 
In contrast to these malignancies, bone metastases are 
■e in gastric and colorectal cancer. However, peritoneal 
rcinosis or metastases within the peritoneal cavity (e.g., in 
5 liver and lymph nodes) occur in 90% of the patients. 11 
lerefore, we investigated peritoneal cavity samples from 
lorectal and gastric cancer patients by an immunocy to- 
pe approach using a panel of five antibodies that react 
th several tumor-associated antigens. We also investi- 
ted the bone marrow because it might serve as a filtering 
stem of the bloodstream, so circulating tumor cells could 
come detectable due to a cumulative effect. 9 
Previously, 10 we showed that our approach allows highly 
scific tumor cell detection in the bone marrow and in the 
ritoneal cavity. Despite the theoretical risk of nonspecific 
lining, we found no positive cells in the samples from the 
ntrol group. In this study, we confirmed the practicability 
our definition of tumor cell positivity (the finding of only 
e stained cell with one monoclonal antibody). The en- 
ged control group contained only two positive bone mar- 
* and three positive peritoneal lavage samples. Two 
tients were treated by a Whipple operation because of 
ong suspicion of pancreatic cancer. A third patient suf- 
«d from chronic hepatitis C and liver cirrhosis and 
awed positive lavage cells for C54-0. Especially in peri- 
leal lavage samples, there is a theoretical risk of nonspe- 
ic staining of mesothelial cells in the peritoneal cavity. 19 
lerefore, we propose excluding C54-0 from peritoneal 
'age examination. However, it will be interesting to fol- 
v up the three patients with positive samples because of 
5 remaining uncertainty about the diagnosis. 
In our study, we found disseminated tumor cells in the 
ne marrow and the peritoneal cavity with similar fre- 
ency. Even in stage I, when direct tumor access can be 
mpletely excluded, about 22% of colorectal and 30% of 
stric cancer patients had circulating tumor cells within the 
ritoneal cavity. This observation supports data from a 
tologic study in gastric cancer. 20 In this study 3% of stage 
;astric cancer patients had viable tumor cells within the 
ritoneal cavity; they most likely reached the peritoneum 
pores and lymph vessels. In accordance with the signif- 
intly higher sensitivity of the immunocytologic method, 3 
: achieved higher detection rates. Therefore, we found 
ong evidence that tumor cell spread is a general feature of 
strointestinal cancers and must be classified in most pa- 
nts as generalized disease. 

Whether isolated tumor cells can form metastatic disease 
i are therefore of prognostic significance remains to be 
tcidated. In our study, colorectal cancer patients whose 



bone marrow samples showed tumor cells — stained with 
Ra96 and C1P83 (anti-CEA) — had a worse prognosis. The 
anticytokeratin antibody Kl-1 detected a high-risk group of 
gastric cancer patients who suffered from stage III or IV 
disease. These results support to some extent data from 
Lindemann et al. 21 Using an anticytokeratin antibody, they 
found high numbers of tumor cells in the bone marrow of 
colorectal cancer patients and suggested that these cells had 
independent prognostic significance. 

Our results strongly indicate that in gastrointestinal can- 
cer, the investigation of peritoneal cavity cells is more 
relevant than the bone marrow approach. This finding is in 
accordance with the rarity of bone metastases but the high 
frequency of metastases within the peritoneal cavity. 11 

In colorectal and gastric cancers, the cumulative survival 
rates significantly correlated with the immunocytologic 
findings. Furthermore, patients with small tumors (stage I or 
II) and positive peritoneal cavity samples showed a worse 
prognosis; in gastric cancer, the difference was statistically 
significant (p = 0.02). In the advanced tumor stage (stages 

III and IV), all gastric cancer patients with positive staining 
are supposed to die within 2.5 years, but 54% of patients 
with negative staining survived. In colorectal cancer, all but 
2 patients in the stage III and IV group with positive 
findings died, in contrast to a 40% 4-year survival rate in the 
negative group. Although no correlation between immuno- 
cytologic findings and the single tumor stage could be 
statistically calculated in most cases, striking differences 
could be seen in colorectal cancer stage I and TV patients. In 
stage I, 1 of 4 positive patients but only 1 of 14 negative 
patients died within 4 years. In stage IV, almost all positive 
patients (12 of 13) died within 2 years, but 27% of the 11 
negative patients survived 4 years. 

These results strongly suggest that the immunocytologic 
staining of peritoneal lavage samples serves as a new prognos- 
tic marker. A recently published method allows much more 
rapid immunostaining of peritoneal cavity samples by reducing 
the antibody incubation time with a microwave irradiation of 
the cells. 22 By using such a technique, it might be possible to 
get a diagnostic result while the operation is still in progress. 
This could help to guide surgical and adjuvant therapy. Stage 

IV patients with a negative peritoneal lavage might benefit 
from a radical surgical approach to achieve a R0 resection, but 
stage IV patients with a positive lavage most likely would not 
benefit from this approach. In gastric cancer patients, intraop- 
erative prophylactic application of carbon-adsorbed mitomycin 
was shown to reduce the rate of tumor relapse. 1 This treatment 
could be helpful in lavage-positive patients with early tumor 
stages. Furthermore, it might be useful to offer adjuvant ther- 
apy in general to patients with positive peritoneal findings and 
a tumor stage I or II. Currently, these patients are excluded- 
from adjuvant treatment because of the overall low risk of 
cancer relapse. 2 

It is unclear why the prognostic significance of bone marrow 
cells is of lower value. Perhaps the contact of tumor cells with 
peritoneal cells supports their ability to develop the full meta- 
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>henotype, a hypothesis supported by the clinical obser- 
of a high peritoneal carcinosis rate in colorectal and 
illy gastric cancer. 1 1 Cells in the bone marrow may be in 
/rong" environment and be kept in a dormant state, as 
om Pantel et al. 23 suggest- Further studies will focus on 
terizing the isolated cancer cells to elucidate local fac- 
it may be important in the progress to metastatic disease, 
present immunocytologic approach has the disadvan- 
F being time-consuming and dependent on the skill of 
/estigator. Thus, from a practical point of view, this 
ich is unsuitable as a widely used routine method, 
bre, the nested reverse transcriptase-polymerase 
reaction (RT-PCR) has been used to detect dissemi- 
tumor cells. Recently, it was shown that a nested 
with cytokeratin CK20 enables specific detection 
ior cells in the bone marrow of patients with gastro- 
nal cancer. 24 This approach is not practicable in the 
leal cavity The nested RT-PCR with CEA, which has 
y been shown to detect gastrointestinal cancer cells in 
narrow samples, 25 might also be suitable for perito- 
ivage samples. Although nested RT-PCR is a useful 
r s reliability remains to be proven in the diagnosis of 
intestinal cancer dissemination. The standardization 
; extremely sensitive technique is one of the main 
les and is currently being investigated 26 
ummary, by using an immunocytologic approach, we 
d for the first time that a minimal residual disease 
becomes detectable in the peritoneal cavity of patients 
plorectal and gastric cancer. The oc currence of iso- 
umor cells could be correlated with a worse progno 
en in early cancer stages. Therefore, the detection of 
:ells can serve as a new prognostic marker and will 
d guide adjuvant therapy. 
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Differential Frequencies of P 16 JNK4a Promoter 
Hypermethylation, p53 Mutation, and K-ras Mutation in 
Exfoliative Material Mark the Development of Lung Cancer 

in Symptomatic Chronic Smokers 

By M. Kersting} C. Friedl, A. Kraus, M Behn, W. Pankow, and M. Schuermanri 



Purpose : The aim of this study was to investigate the 
frequency of three (epi)genetic alterations (p53 and 
K-ras mutations and pl6' NKAa promoter hypermethyl- 
ation) in symptomatic chronic smokers compared with 
patients with lung cancer and to evaluate the use of 
exfoliative material for such analyses. 

Patients and Methods : Fifty-one patients with histo- 
logically confirmed lung cancer and 25 chronic smokers 
(> 20 pack-years) were investigated for mutations in 
the K-ros (codon 12) and p53 (codons 248, 249, and 
273) genes and for allelic hypermethylation of the 
plo' NKAa gene. DNA was isolated from sputum and 
bilateral bronchial lavage, and brushings were taken 
at bronchoscopy. 

Results : Forty-one genetic lesions were detected 
within exfoliative material from the group of 51 pa- 
tients with lung cancer and 1 0 lesions in the chronic 
smoker group. K-ras mutations occurred exclusively in 
the lung cancer group, whereas p53 mutations and 



p j 0 tMfC4o p romo ter hypermethylation were also. found 
in chronic smokers. Three of eight chronic smokers who 
harbored an (epi)genetic alteration were subsequently 
diagnosed with lung cancer. Analysis of sputum yielded 
information equivalent to that of samples obtained 
during bronchoscopy. 

Conclusion : pl6'** kAo promoter hypermethylation 
and p53 mutations can occur in chronic smokers before 
any clinical evidence of neoplasia and may be indica- 
tive of an increased risk of developing lung cancer or of 
early disease. K-ras mutations occur exclusively in Hie 
presence of clinically detectable neoplastic transforma- 
tion. Molecular analysis of sputum for such markers 
may provide an effective means of screening chronic 
smokers to enable earlier detection and therapeutic 
intervention of lung cancer. 

J Clin Oncol 18:3221-3229. © 2000 by American 
Society of Clinical Oncology. 



THE ACCUMULATION of genetic damage is a hall- 
mark in the development of lung cancer, a tumor with 
growing incidence and the leading cause of cancer-related 
deaths in industrial nations. The vast majority of lung 
cancers are smoking-related, whereby the number of genetic 
lesions present correlates with the intensity of carcinogen 
inhalation. Despite intensive clinical research, there has 
been no significant improvement in the therapy of lung 
cancer during the past 1 0 years. This is largely a result of the 
early metastatic spread of such tumors relative to the time of 
clinical diagnosis. Using the current standard methods of 
diagnosis and treatment, fewer than 15% of patients with 
lung cancer will survive their disease. 1 The development of 
efficient diagnostic methods to enable earlier detection and 
therapeutic intervention in lung cancer is clearly important. 

In one recent study, screening using cytologic examina- 
tion of sputum identified a group of patients with preinva- 
sive and microinvasive lung cancer, who demonstrated high 
survival rates after surgical removal or localized therapy. 2 
In other studies, however, annual cytologic sputum exami- 
nation combined with chest radiography did not improve the 
overall survival of patients, 3,4 probably because micro- 
scopic metastatic disease had already occurred. 

Significant progress has now been made in the under- 
standing of the genetic basis of lung cancer, 5 6 which raises 
the hope that molecular markers could be used to detect 



lung cancer earlier in its natural hi story. To date, molecular 
analyses of sputum or bronchial lavage fluid have concen- 
trated on mutations in oncogenes, such as K-ras, or tumor 
suppressor genes, such as p53, as potential markers of lung 
cancer 7 (reviews 8 " 11 ). Mutations in K-ras are found in 
non-small-cell lung cancer (NSCLC), predominantly in 
adenocarcinoma, and the rate ranges between 15% and 
50%, depending on the study material and the sensitivity of 
the assay used. 12 ' 18 The vast majority of K-ros mutations 
affect codon 12 (> 90%).- 19 Mutations of the p53 gene are 
detectable in 50% to 70% of patients with lung cancer and 
are found in all histologic types. 20 ' 24 These mutations 
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Toble 1. Frequency of p53 (Codon 248, 249, ond 273) and K-ras (Codon 12) Mutations ond pl6 ,NK4a Promoter Hype rmethyia Hon Status in Exfoliative 
Material (Sputum, Bronchial Lavage, and Brush ings) From Patients With Histologically Confirmed Lung Cancer and From Symptomatic Chronic Smokers 



p53 Mutation 
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31 


4 


13 


8 


26 


18 


58 


25 


81 


Squamous cell 
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4 
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Large cell 
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50 
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1 


50 
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100 


Other 


2 


0 
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50 


1 


50 
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100 


sac 


20 


3 


15 


0 




8 


40 


10 


50 


Chronic smokers 


25 


3 


12 


0 




7 


28 


8 


32 



comprise both allelic loss and point mutations, the latter 
clustering within the hot spot regions of the p53 gene. 25 
Although K-ras mutations seem to occur late in lung cancer 
tumorigenesis, 26 somatic alterations of the p53 gene are 
"found in different tumor stages and may even occur in 
metaplastic and dysplastic states. 27 ' 29 More recently, inac- 
tivation of the pl6 1NK4a tumor suppressor gene has been 
shown to occur commonly in lung cancer, 30 " 32 resulting 
from either allelic loss or mutation of pJ6 mK4a or regional 
hypermethylation of CpG islands in its promoter region. 33 
In contrast, pJ6 ,WK4a promoter hypermethylation is detect- 
able neither in normal lung tissue nor in a variety of other 
types of non-neoplastic tissue investigated. 30,34 Little is 
known, however, about the sequence of these various events 
in the development of lung cancer. 

In the present study, we examined exfoliative material 
(sputum, bronchial lavage fluid and brush cytology) from 5 1 
patients with lung cancer and 25 chronic smokers (> 20 
pack-years and suffering from benign lung disease) for the 
prevalence of CpG-island hypermethylation of pl6 INK4a and 
mutations in the K-ras and p53 genes. Our aim was to 
establish the frequency of each of these genetic or epige- 
netic lesions in chronic smokers compared with patients 
with established lung cancer and, thereby, to investigate 
their potential benefit as molecular markers of preneoplastic 
or early disease. In particular, we addressed the question of 
whether such genetic and epigenetic changes can be de- 
tected in easily obtainable exfoliative material such as 
sputum, which would render such analyses more suitable for 
a screening program. 

PATIENTS AND METHODS 

Patient Selection 

All diagnostic bronchoscopies were performed in the Department of 
Respiratory Medicine in the Krankenhaus Neukolln in Berlin between 
February 1996 and February 1999 by one of the authors (W.P.). 



Patients were selected at random during the author's (W.P.) duty 
periods in the Endoscopy Unit. Patients were selected for the lung 
cancer group if radiography was suggestive of an endoscopically 
visible tumor. Symptomatic chronic smokers were included in the study 
only when chest radiography was not indicative of tumor or chronic 
inflammatory disease such as sarcoidosis. All were heavy smokers of 
greater than 20 pack-years. All subjects gave written informed consent 
before the investigation. 

Induced sputum was obtained during local anesthesia using 1 0 to 1 5 mL 
of nebulized lignocaine. Flexible fiberoptic bronchoscopy was performed 
using an Olympus fiberoptic bronchoscope (Olympus Optical Co, Ham- 
burg, Germany) via the oral route. Intrabronchial procedures were per- 
formed in the following sequence: bronchial lavage with 10. mL of sterile 
saline, brushings from the main bronchus or tumor site, then biopsy of the 
tumor, bilaterally, starting with the nontumor side. In the chronic smokers, 
lavage and brushings were performed in the main bronchi in each lung and 
one to two bronchial biopsies were taken from one side. Brushings were 
suspended in sterile saline. Biopsies were fixed in 4% formalin. Sputum 
and bronchial lavage specimens were each mixed with 100 mg of 
acetylcysteine for 10 minutes to break down mucus, before passing the 
fluid through several layers of sterile gauze. After centrifugation (2000 rpm 
for 5 minutes at 4°C), the cell pellet was washed once in phosphate- 
buffered saline. Cell pellets were stored in micro tubes at — 20°C. 

The mean age of the lung cancer patient group was 63 years (range, 
46 to 84 years; median, 62 years) and included male (n = 39) and 
female subjects (n = 12). The mean age of the symptomatic chronic 
smoker group was 56 years (range, 38 to 79 years; median, 54 years) 
and included male (n = 22) and female subjects (n = 3). 

Patients were clinically staged by the author (W:P.), and tumor 
biopsies were independently graded by two pathologists. Of 5 1 patients 
with lung cancer, 20 had small-cell lung cancer (SCLC) and 31 had 
NSCLC; histologies are listed in Table 1. 

Table 2 shows the clinical staging of the patients selected for the 
study. Five patients had stage I disease, four had stage II disease, 20 
had stage III disease, and 22 had stage IV disease, according to the 
revised staging system. 35 

Tumor Biopsies 

DNA from paraffin-em bedded tumor biopsy tissue was extracted 
from 10-/im sections according to "Method A," as described by Frank 
et al. 36 In parallel, sections were hematoxylin and eosin-stained and 
pathologically reviewed to ensure inclusion of tumor tissue. 
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» Tumor Staging 
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0 




3 


60 


IIB 


4 


0 




1 


25 


4 


100 


IHA 


, 6 


1 


17 


b 




4 


67 


HIB 


14 


0 




3 


21 


5 


36 


IV 


22 


6 


27 


4 


18 


10 


45 



Sputum and Bronchial Lavage Samples 

DNA was extracted from 50% of homogenized pellets of sputum, 
bronchial lavage fluid (BAL), or brushings, using a Qiagen Tissue Kit 
(Qiagen, Hilden. Germany) for DNA preparation, according to the 
suppliers* specifications. Each DNA sample was tested for the presence 
of genomic p]6 ISKda alleles by polymerase chain reaction (PCR) using 
primer pair pi 6-W. 37 

p53 Mutation and A'-ras Mutation Analysis 

Mutation analysis was performed as previously described. 7 Briefly, 
50 to 200 ng of DNA were preamplified for 30 cycles in a volume of. 
50 ixL containing 1 U of eLONGase (GibcoBRL, Life Technologies, 
Rockville, MD). Purified PCR products were diluted 1:30 and sub- 
jected to the following PCR— restriction fragment length polymorphism 
analysis. Two microliters of the diluted PCR products was reamplified 
with mismatch primers and digested with appropriate endonucl eases. 
_Codons 248. 249, and 273 were examined for p53 mutati ons and co don 
12 for K-ras mutation. Primer sequences and reaction conditions have 
been described elsewhere. 7 A patient was considered to be a carrier of 
a mutation when at least one sample (sputum, side-specific BAL or 
side-specific brushings) revealed a clear positive result in PCR analysis. 

pl6 INK43 Hypermethylation Assay 

Bisulfite conversion. Existing bisulfite conversion protocols 37 * 39 
were modified for use with this patient material. Briefly, 10% of 
prepared DNA (10 to 200 ng) and 2 /xg of Poly(dA-dT)Poly(dA-dT) 
copolymers (Amersham Pharmacia Biotech, Bucks, United Kingdom) 
were denatured for 20 minutes at 42°C by adding 1 N NaOH in a 
volume of 50 p.L (to a final concentration of 0.3 mol/L). Fresh solutions 
of 10 mmol/L hydroquinone (Sigma Chemical Co, St Louis, MO; 30 iiL) 
and 3 mol/L sodium bisulfite, pH 5.0 (Sigma Chemical Co; 520 /xL) were 
added and the solution was gently mixed, overlayed with mineral oil, and 
incubated in the dark for 12 to 13 hours at 50°C The aqueous phase was 
recovered using the Wizard DNA Clean-up System (Promega, Madison, 
Wl). The elution efficiency of small DNA quantities was significantly 
improved by successive elution of bound DNA using prevvarmed (80°C) 
TE buffer, pH 7.6 (50 piL of TE, 15 minutes incubation; 30 jiL TE, 1 
minute; centrifugation at 9,000 rpm for 20 seconds). The purified DNA 
was subsequently mixed with 1 mol/L NaOH to a final concentration of 0.3 
mol/L and incubated for 20 minutes at 37°C to ensure complete desulfo- 
nization. DNA was ethanol -precipitated in the presence of 10% volume 
sodium acetate, and the resulting pellet, after washing with 70% ethanol. 
was resuspended in 50 ju.L of H 2 0 and stored at — 20°C. 

Primer extension preamptification (PEP). The genomic amplifica- 
tion was performed following a protocol by Zhang et al. 40 Twenty 
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microliters of bisulfite- treated DNA was added to 5 . /iL of a 
400-Mmol/L solution of gel-filtrated N15 primers (TIB MOLBIOL, 
Berlin, Germany). 0.6 /aL of dNTPs (each at 20 mmol/L), 6 jxL of I OX . 
PCR buffer, and 5 U of Taq polymerase (Qiagen) and H 2 0 (DuPont 
Merck Pharmaceutical Company, Wilmington, DE) to yield a total 
volume of 60 p.L (whereby the quality of random primer synthesis 
proved to be of special importance). After initial denaturation. at 94°C 
for 3 minutes, 50 primer extension cycles were performed in a Perk in 
Elmer 9,600 thermocycler (Perk in Elmer, Norwalk, CT) using the 
following parameters: 1 -minute denaturation at 92°C, 2-rriinute anneal- 
ing at 37°C, followed by a 3-minute linear ramping to 55 °C; and 
4-minute elongation at 55°C. Protocols with' a faster ramping rate or 
stepwise temperature progression resulted in inefficient PEP amplifi- 
cation. 

Semi-nested methyl-specific PCR (MSP). . The detection of hyper- 
methylated pl6 tSK4a alleles was facilitated using a semi-nested PCR 
protocol in a 25-/xL reaction volume. In the first PCR, a 5-/J.L aliquot 
of the PEP product was added to 200 >xmol/L dNTPs, 0.4 jimol/L each 
primer (p!6Mf: 5'-TTA IT A GAG GGT GGG GCG GAT CG; 
pl6M2r 5'-CCA CCT AAA TCG ACC TCC GAC CG), IX PCR 
buffer (Qiagen) and 0.65 U of Taq Polymerase. The second PCR 
contained 5 jjlL of the 1:10 diluted product of the first PCR, 200 
Aimol/L of dNTPs, 0.4 ^mol/L of 'each i primer (pl6Mf, p!6Mr S'-GAC 
CCC G AA CCG CGA CCG TAA), I X PCR buffer (Qiagen) and 0.65 U 
of Tag Polymerase. Both reactions comprised 30 cycles with 95°C for 30 
seconds, 65°C for 30 seconds, 72°C for 40 seconds, with initial 
denaturation at 95°C for 3 minutes and a final elongation at 72°C for 10 
minutes. 

To control for complete bisulfite conversion and subsequent PEP 
amplification, a semi -nested PCR was also performed for the non- 
methylated alleles. The same protocol, including IX solution Q 
. (Qiagen) . to j>ptimize_buffer conditions, was performed using primers 
p!6Uf (5'-TTATTA GAGGG TGGGG TGGAT TG) and pl6U2r 
(5'-CCACC TAAAT CAACC TCCAA C) in the first reaction and 
primers p 1 6Uf and p 1 6Ur (5 ' -CAACC CCAAA CCACA ACCAT AA) 
in the second. The annealing temperature was lowered to 58°C. 

Statistics 

Statistical analysis of frequency distributions was evaluated by the 
X 1 or Fisher's exact test, as appropriate, using the Statistical Package 



NC S LL LR BL BR 




Fig 1. K-ras analysis. (A) Sputum, bronchial lavage left and right, 
brushings left and right, negative control, demonstrating mutations in lavage 
and brushings from the left side (adenocarcinoma left lobe). (B) Mutation 
confirmed in tumor biopsy. Abbreviations: S, sputum; LL lavage left; LR, 
lavage right; BL, brushings left; BR, brushings right; NC, negative control; TU, 
tumor biopsy; GC, genomic DNA. 
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Fig 2. Example of p53 (codon 273) restriction fragment length polymor- 
phism analysts of bronchial lavage, from patients with lung cancer. The 
arrow in lane 2 indicates a mutation. 



for Social Science (SPSS, Inc, Chicago, IL). Statistical significance was 
taken as P < .05. 

RESULTS 

p53, mutations (codon 248, 249, or 273) were detected in 
seven samples (14%) from patients with tumors, of whom 
three had squamous cell carcinoma (14%; n = 22), one had 
large-cell carcinoma (50%; n = 2), and three had SCLC 
(12%; n = 20) (Table 1). Mutation in the p53 gene was also 
detected in three samples (12%) from chronic smokers at 
the time of bronchoscopy. There was no statistically signif- 
icant difference between patients with lung cancer and 
chronic smokers in the frequency of p53 mutation (P = 
.572). 

Mutations in the K-ras gene (codon 12) were found in 
eight samples (16%) from patients with confirmed lung 
cancer, including four patients with squamous cell carci- 
noma (18%; n = 22), one with adenocarcinoma (33%; n = 
3), and two with large-cell carcinoma (100%; n = 2) (Table 
1). No K-ras mutation was found in any patient with SCLC 
or in any of the chronic smokers. There was a statistically 
significant difference between patients with lung cancer and 
chronic smokers in the frequency of K-ras mutation (P = 
.034). Figures 1 to 3 show examples of samples investigated 
for K-ras and p53 mutations and pl6 1NK4a hypermethyl- 
ation. 

Modification of the standard MSP protocol 37 ' 41 was 
necessary to analyze the exfoliative material for pl6 INK4a 
methylation status (see Methods). This was achieved by 
inserting a genomic amplification step, as described by 
Zhang et al, 40 before performing a semi-nested, rather than 

1 2 3 4 5 6 7 8 9 10 



Fig 3. p 16 ,NK4a promoter hype rmemyla Hon analysis of sputum-DNA from 
lung cancer patients. Lones 1 to 3, 5, and 9 represent hypermerhylated alleles. 




Fig 4. Control of sputum-derived DMA for bisulfite conversion with 
primers specific for n on methylated sequences. (A) Conventional methyl- 
specific PCR (MSP) and (B) modified protocol with genomic amplification 
(PEP) and subsequent semi-nested PCR (see Patients and Methods). 



a conventionaJl^MSP analysis. Figure 4 illustrates the gain 
in sensitivity achieved by the modified MSP protocol (Fig 
4A) compared with the conventional protocol (Fig 4B). 

Hypermethylation of the pl6 INK4a promoter was found in 
26 patients with lung cancer (51%; n = 51) and in seven 
chronic smokers (28%; n = 25), with a statistically signif- 
icant difference between the two groups (P = .048). Those 
tumor patients who displayed hypermethylation of the 
pl6 ,NK4a promoter comprised 13 with squamous cell carci- 
noma (59%; h = 22), three with adenocarcinoma (60%; n = 
5), one with large-cell carcinoma (50%; n = 2), one with 
undifferentiated NSCLC (50%; n = 2), and eight with 
SCLC (40%; n = 20) (Table 1). 

The size of the tumor at the time of bronchoscopy had a 
clear effect on our ability to detect p53 and K-ras mutations 
(Table 2). Of 15 patients with limited disease (stages 1 to 
IIIA), only one K-ras mutation (in a patient with stage 11 
disease) and one p53 lesion (in a patient with stage IIIA 
disease) were found. In these two cases, both tumors were 
larger than 3 cm. In contrast, epigenetic modification of 
p j 6 mk<o was detected in 11 samples (73%; n = 15) from 
patients with tumors at or below tumor stage IIIA, as well as 
in 15 (42%) of 36 patients with stage IIIB or IV disease. 

Table 3 shows a comparison of the number of lesions 
found in each of the types of exfoliative material analyzed. 
The frequency of genetic lesions detected in sputum sam- 
ples was comparable to that detected in either BAL or 
brushings taken during bronchoscopy. This applied to all 
three genetic lesions analyzed in patients with lung cancer 
as well as chronic smokers. Notably, the frequency of 
pl6 JNK4a promoter hypermethylation detected in both pa- 
tients with lung cancer and chronic smokers was highest in 
sputum. 
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Table 3. Frequency of Genetic Lesions Detectable in Different Types of 
Exfoliative Material for the Chronic Smoker and Patients With Lung Cancer 
Groups 





Porienfc With 


Chronic Smokers 




Tumors {n = 


51) 


(n - 25) 




No. 


% 


No. % 


Sputum 




10 




K-ros mutation 


5 


0 


p53 mutation : 


4 


8 


1 4 


p J q** c *> hypermethylation 


18 


35 


4 16 


BAL 








K-ros mutation 


6 


12 


0 


. p53 mutation 


4 


8 


2 8 


pl^HKAa hypermethylafion 


11 


22 


3 12 


Brushings 








K-ros mutation 


4 


8 


0 


p53 mutation 


5 


10 


0 


p ] hypermethylation 


8 


16 


2 8 



To investigate whether the three genetic lesions occurred 
in combination in either of our patient groups, we analyzed 
the total number of events found in each patient .(Table 4). 
One of the tumor patients, but none of the chronic smokers, 
bore all three genetic alterations. Two of the investigated 
genetic lesions were detected simultaneously in four tumor 
patients (8%) and two chronic smokers (8%). A single 
genetic lesion was detected in 30 tumor patients (59%) and 
six chronic smokers (24%) . 

The redundancy of genetic alterations throughout the 
different levels of material examined was analyzed to gain 
information about the expansion and dissemination of 
clonal cells that harbored the lesions. As summarized in 
Table 5, a given genetic lesion in the chronic smoker group 
was found exclusively at one level of the exfoliative 
material examined (sputum, BAL or brushings), with one 
exception, in which pJ6 !NK4a hypermethylation was de- 
tected in sputum and BAL. Clinical follow-up of this patient 
revealed the development of lung cancer after bronchos- 
copy. The same genetic lesion was detected at more than 
one level (sputum, BAL or brushings) in 17 tumor patients, 
of whom five demonstrated the alteration at all three levels. 



Table 4. Synopsis of Genetic Lesions (K-ras and pSZ Mutations, p?d WK 
Hypermethylation) Detected in Exfoliative Material From Patients With 
Tumors and Chronic Smokers 
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To establish whether the genetic lesions identified within 
the exfoliative material could be attributed to the tumor 
itself, DNA was extracted from paraffin-embedded biopsies 
from 21 patients with tumors and three chronic smokers 
(numbers were limited by the unavailability of biopsies or 
inadequate DNA quality) and analyzed for pl6 INK4a pro- 
moter hypermethylation and K-ras and /?53 mutations. 
Hypermethylation of the p 1 6 INK4a promoter could be con- 
firmed within the tumor biopsy in four of the five cases in 
which it was detected within exfoliative material. K-ras and 
p53 mutations were found in three of four and two of six 
tumors, respectively, for which corresponding exfoliative 
material gave a positive result. No genetic alterations were 
detected within any of the three biopsies obtained from 
chronic smokers, although p53 mutation had been identified 
within exfoliative material from two of these cases. In no 
cuse did analysis of the biopsies of the tumor patients or 
chronic smokers reveal any genetic alteration that had not 
been identified within exfoliative material. 

DISCUSSION 

In this study, we compared the frequency of three genetic 
alterations (p53 and K-ras mutations and pld 7 "* 4 " promoter 
hypermethylation) in different types of exfoliative material 
obtained from chronic smokers and patients with lung 
cancer. Our results demonstrate a significant frequency of 
lesions (32% overall; Table 1) in chronic smokers of greater 
^tKari 20 pacK^ars7who~are at high risk of 

development of lung cancer. The absolute number of 
genetic alterations detectable, however, was significantly 
higher in patients with lung cancer than in chronic smokers 
(69% v 32% for any lesion). This finding is in line with the 
concept of field cancerization. Redundancy of events, 
whereby the same genetic lesion is detected at multiple 
sampling levels, was a feature of the lung cancer group, 
presumably because of clonal expansion. 

Hypermethylation of the pl6 INK4a promoter was the most 
frequently detected alteration of the three markers investi- 
gated in exfoliative material, both in patients with lung 
cancer and in chronic smokers. The presence of this 
epigenetic lesion was also confirmed within the tumor 
material itself in the majority of cases examined, which 
indicates that pl6 INK4a promoter hypermethylation is not an 
incidental finding consequent to generalized epithelial dam- 
age, but rather results from clonal expansion of tumor cells. 
The frequency of pl6 iNK4a promoter hypermethylation was 
higher in patients with confirmed lung cancer than in 
chronic smokers (35% and 16%, respectively, assayed in 
sputum), which suggests that it is not a prerequisite for 
neoplastic transformation in the lung but that, when it 
occurs, it does so as an early event. This is supported by the 
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Table 5. Frequency With Which a Genetic Lesion [K-ras and p53 
mutations, or pl6 ,NK *° Hypermethylation) Was Detected ot One, Two, or 
Three Levels of Sampling (Sputum, BAL, Brushings) in Chronic Smokers or 
Patients With Lung Cancer 
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finding that a high proportion of patients with early-stage 
(stages I to III A) lung cancer exhibited pl6 )NK4 ° promoter 
hypermethylation (Table 2), with frequencies similar to 
those found by Ahrendt et al 31 in their analysis of bronchial 
lavage from patients with early-stage lung cancer. Our 
findings also corroborate and expand on the results from a 
recent study by Belinsky et al, 32 which investigated 
pl6 INK4a hypermethylation in sputum from a group of 
chronic smokers and seven patients with lung cancer and 
showed for the first time the presence of pi 6 hypermethyl- 
ation in individuals at risk of lung cancer. Our observations 
from a larger collective provide evidence that aberrant 
p]6 JNK4a promoter hypermethylation accumulates during 
preneoplasia and early stages of lung cancer. Thus, it may 
constitute a candidate marker to enable detection of early 
lung cancer or even risk of disease in chronic smokers. 

The presence of the investigated p53 hot spot mutations 
did not differentiate between patients with tumors and 
chronic smokers (P = .572). Both these groups demon- 
strated a similar frequency of p53 lesions (14% and 12%, 
respectively). In agreement with other investigators, 42,43 we 
did not find the presence of p53 mutation to be correlated 
with any histologic subgroup. Interestingly, we could not 
confirm the presence of p53 mutation detected in exfoliative 
material within corresponding tumor biopsy material in two 
thirds of cases investigated. This raises doubts that such a 
genetic alteration is attributable to the tumor itself. Instead, 
it is possible that p53 mutation arises from incidental 
generalized epithelial damage. Such genetic alterations have 
been shown to occur within the bronchial epithelium of 
cancer-free chronic smokers and to be unrelated to any 
malignancy. 44 Thus, the specificity of p53 mutation as a 
candidate marker of lung cancer is not optimal. Further- 
more, despite analyzing three hot spot mutations in this 



study, only 20% to 25% of the p53 mutations which are 
recognized to play a role in lung cancer can be expected to 
be detected with this protocol. This highlights the chal- 
lenges of incorporating p53 mutation analysis into a screen- 
ing program for lung cancer. 

The distribution of K-/ as, lesions differed from that of 
p53 mutations and pI6 INK4a promoter hypermethylation. 
K-ras mutations in codon 12 were found exclusively in the 
tumor group and were restricted to NSCLG histologies 
(Table 1 ). This supports the findings of several other groups 
who have reported the association of K-ras mutation with 
lung cancer. 26,45 Our findings do not agree with those 
reports that demonstrate K-ras lesions in noncarcinogenic 
tissue of the lung. 46 " 49 This apparent discrepancy might 
arise from the use of differing types of patient material. Our 
investigation was performed on exfoliative material, and 
therefore, contamination with nontumor material might 
have influenced the sensitivity of our assays. Furthermore, 
although all studies applied DNA amplification protocols, 
the level of sensitivity is not necessarily comparable. For 
example, extremely sensitive enriched PCR protocols were 
applied in some studies, which allowed the detection of. less 
than 1 allele in 1,000 nonnal alleles. 47,49 Perhaps these 
highly sensitive conditions account for the detection of 
K-ros mutations in nononcologic patients. 47,49 The rela- 
tively low frequency of K-ras mutation in lung cancer, 
however, precludes its use as a marker in isolation. 

Although the sensitivity for any of the markers of lung 
cancer investigated in this study was relatively low, with 
frequencies ranging between 14% and 51% for the tumor 
group (Table 1), combining the three markers increased the 
detection rate to almost 70%. In line with our results, the use 
of four independent molecular markers was shown to 
increase the sensitivity, enabling detection of more than 
90% of lung cancers (J. Herman, personal communication, 
April 1 999). There is increasing evidence that clonal evo- 
lution of tumors from premalignant lesions is a complex 
process that involves multiple genetic abnormalities, which 
do not necessarily have a linear progression. 50 Thus, as our 
results intimate, effective detection of preneoplasia or early 
lung cancer is likely to mandate the use of a panel of 
molecular markers, spanning the various genetic alterations 
that might be present, rather than being feasible with single 
markers alone. 

Analysis of tumor DNA did not reveal any lesion that had 
not been detected in exfoliative material. A further aim of 
this study was to evaluate the suitability of DNA obtained 
from sputum compared with that from bronchial lavage 
fluid or brushings for monitoring genetic and epigenetic 
alterations in the bronchial tree. Our results show that 
analysis of sputum, obtained by noninvasive means, offers a 
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comparable level of detection as samples taken by invasive 
bronchoscopy. In fact, a higher frequency of pl6 INK4a 
promoter hypermethylati on was detected for chronic smok- 
ers, as well as patients with lung cancer, in sputum than in 
either bronchial lavage or brushings, which perhaps reflects 
the merits of screening a sample that is independent of 
anatomic location within the bronchial tree. Therefore, 
sputum could provide a valuable source of material for 
routine screening for lung cancer. Recently, abnormal DNA 
methylation was found in the serum of patients with lung 
cancer at all tumor stages at relatively high frequencies. 51 
Because release of tumor-derived DNA into the circulation 
requires efficient tumor vascularization, however, screening 
of serum is unlikely to be able to detect preinvasive lesions 
early enough to improve the effects of therapeutic interven- 
tion. Thus, for the monitoring of individuals at high risk of 
lung cancer, sputum seems to be the best candidate material. 

Finally, it is important to establish whether the genetic 
alterations investigated constitute markers for a risk of 
developing lung cancer or for established malignancy. We 
have approached this issue in two ways. As discussed 
above, DNA from tumor biopsies for approximately one 
half of our study collective was analyzed to investigate 
whether the genetic lesions detected in exfoliative material 
could be confirmed in and, thus, attributed to the tumor. 
This analysis demonstrated that the majority of K-ras and 
pl6 INK4a lesions found in exfoliative material of patients 
with lung cancer matched those found in primary tumor 
material. Because no such biopsy material was available for 
the chronic smokers, we observed their clinical history. Of 
eight patients with genetic lesions at the time of bronchos- 
copy, three cases subsequently developed a de novo cancer. 
Patient no. 028 developed lung cancer 1 year after bron- 
choscopy and is now deceased. Patient no. 052 developed 
cancer of the esophagus occluding the left main bronchus 14 
months after bronchoscopy. Patient no. 078, who had a 
history of larynx carcinoma resected 12 years before, 
developed metastasizing lung cancer 1 year after bronchos- 
copy, of which he died. All three of these patients exhibited 
pl6 ihK4a promoter hypermethylati on at the time of bron- 
choscopy. In addition, patient no. 028 bore a p53 mutation 



in codon 273. Although this evidence is circumstantial, it 
gives hope that detection of pl6 mK4a promoter hypermeth- 
ylation in particular may be of value to the clinician in 
managing symptomatic chronic smokers. Such patients may 
warrant more regular follow-up with conventional diagnos- 
tic investigations. Clearly, prospective clinical studies are 
required to evaluate the potential benefit of such a marker in 
accelerating the diagnosis of lung cancer and thus maximiz- 
ing the chances of effective therapeutic intervention. 

In summary, this is the first study to compare detection of 



pl6" 



promoter hypermethylation and p53 and K-ras 



mutations in collectives of symptomatic chronic smokers 
and patients with different stages of lung cancer and to 
evaluate the use of exfoliative material for such analyses. 
K-ras mutation was found exclusively in the lung cancer 
group and is thus a candidate marker for the presence of 
neoplastic transformation. Although p5 3 mutation was de- 
tected in exfoliative material from both patients with lung 
cancer and symptomatic chronic smokers, its significance is 
unclear because this change was not necessarily attributable 
to the tumor material. We have shown that pl6 INK4a 
promoter hypermethylation occurs in chronic smokers in the 
absence of clinical evidence of neoplasia and that its 
frequency increases further in early stages of lung cancer. 
Therefore, hypermethylation of the pl6 !NK4a promoter may 
constitute a marker of increased risk of developing lung 
cancer or of early disease. 

This study has shown that - analysis of sputum yields 
information equivalent to that obtained from bronchial 
lavage or brushings. Therefore, molecular analysis of spu- 



tum for a panel of markers including pl6 



promoter 



hypermethylation and K-ras mutation may provide an 
effective means of screening symptomatic chronic smokers 
to enable earlier detection and therapeutic intervention of 
lung cancer. 
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Diagnosis of Renal Cancer 
by Molecular Urinalysis 
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Sidransky 



Background: Orgaiirconfined renal ma- 
lignancies can be cured in the majority 
of patients, whereas more extensive le- 
sions have a poor prognosis. We sought 
to develop a noninvasive test for renal 
cancer detection based on a novel mo- 
lecular approach. Methods: Matched 
urine and serum DNA samples were 
obtained before surgery from 30 pa- 
tients with clinically organ-confined 
solid renal masses (25 with malignant 
tumors and five with tumors of low 
malignant potential) and were sub- 
jected to microsatellite analysis. Serum 
samples and urine samples obtained 
from 16 individuals without clinical 
evidence of genitourinary malignancy 
served as controls. Results: Nineteen 
(76%) of the 25 patients with malignant 
tumors were found to have one or more 
microsatellite DNA alterations in their 
urine specimen, and 15 (60%) were 
found to have alterations in their serum 
DNA by microsatellite analysis. In ev- 
ery case, the microsatellite changes 
in urine or serum were identical to 
those found in the primary tumor. 
Three of five patients with tumors 
of low malignant potential were found 
to have DNA alterations in their urine, 
but none displayed alterations in their 
serum. Moreover, microsatellite alter- 
ations were not identified in either the 
urine or the serum samples from nor- 
mal control subjects and patients 
with hematuria due to nephrolithiasis 
(renal stones). Conclusion: These data 
suggest that microsatellite DNA analy- 
sis of urine specimens provides a poten- 
tially valuable tool for the early detec- 
tion of resectable kidney cancer. 
Furthermore, microsatellite analysis of 
serum samples reveals evidence of cir- 
culating tumor-specific DNA in ap- 
proximately half of these patients and 
may reflect the propensity of these tu- 
mors to spread to distant sites at an 
early stage. [J Natl Cancer Inst 1999; 
91:2028-32] 



Approximately 30000 new cases of 
malignant renal cancer are diagnosed 
each year in the United States, and nearly 
1 2 000 individuals succumb to the effects 
of metastatic disease annually///. Al- 
though organ-confined renal carcinoma 
can be cured by radical nephrectomy, 
carcinoma that extends beyond the con- 
fines of the renal capsule is associated 
with substantial morbidity and a high 
rate of cancer-specific mortality (2). The 
application of conventional adjuvant 
therapies to patients with advanced dis- 
ease has been disappointing because of 
the resistance of most malignant renal tu- 
mors to standard chemotherapy and radio- 
therapy (2) : 

The specific clinical signs and symp- 
toms of malignant renal disease are not 
usually helpful in making an early diag- 
nosis. The classic triad of pain, hematuria, 
and a palpable flank mass is encountered 
in only 10% of patients and is usually 
associated with the presence of advanced 
disease (3). The widespread use of non- 
invasive axial imaging (e.g., computed 
tomography or magnetic resonance imag- 
ing) and diagnostic ultrasound has re- 
sulted in the incidental discovery of an 
increasing number of small asymptomatic 
renal tumors. Estimates suggest that as 
many as two thirds of organ^confined tu- 
mors are identified by serendipity (4). 
Nevertheless, 50% of patients with renal 
cancers are not curable by surgical resec- 
tion at the time of presentation. Conse- 
quently, the development of a reliable, 
noninvasive method for the early detec- 
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■n of kidney cancer could represent an 
iportant clinical advance in the manage- 
*nt of this patient population. 
Microsatellite analysis is a polymerase 
ain reaction (PCR)-based technique 
at permits the detection of cancer- 
ecific DNA alterations (loss of hetero- 
gosity [LOH] and microsatellite insta- 
lity) in neoplastic tissue. Recent 
•plication of this approach to the evalu- 
ion of body fluids has shown that squa- 
ous cell carcinoma of the aerodigestive 
ict and bladder cancer can be detected 
rough the analysis of saliva and urine, 
spectively (5-7). Since the renal paren- 
lyma is highly vascular and lies in close 
lysical proximity to the renal collecting 
stem and since the tubular epithelium 
Dm which most malignant renal neo- 
asms arise contributes directly to urine 
rmatiop, we hypothesized that DNA al- 
rations characteristic of malignancy 
mid be identified by microsatellite 
lalysis of either serum or voided urine 
•ecimens obtained from patients with re- 
il malignancies. To test this hypothesis, 
e studied, by use of microsatellite analy- 
s, preoperative urine and serum speci- 
ens obtained from patients with a vari- 
y of renal neoplasms. 

Iaterials and Methods 

Sample collection and DNA isolation. After we 
itained written informed consent from 30 patients 
ith a renal lesion, samples of peripheral blood and 
ine were collected before surgical intervention, 
le study was approved by the Institutional Review 
>ard of The Johns Hopkins Hospital. Neoplastic 
dney tissue was obtained immediately after surgi- 
1 resection and stored at -80 C C. Eight control 
mples were obtained from patients with nephroli- 
iasis (renal stones) and eight from individuals 
ithout a history of genitourinary disease (total = 
i). Tumor tissue was microdissected as previously 
:scribed (8). DNA was obtained from peripheral 
mphocytes, serum, and tumor samples by diges- 
jn with the use of proteinase K (Boehringer Mann- 
:im GmbH, Mannheim, Germany) in the presence 
sodium dodecyi sulfate at 48 °C overnight, fol- 
wed by phenol-chloroform extraction and ethanol 
ecipitation. 

Microsatellite analysis. Based on high rates of 
formativity and known patterns of LOH and mi- 
osatellite instability in renal cancer, 28 microsat- 
lite markers (Research Genetics, Huntsville, AL) 
ere identified for use in this series of experiments, 
licrosatellite markers (and their chromosomal lo- 
gons) are as follows: D1S251 (Ipq), HTPO (2p), 
3S1317 (3p), D3S587 (3p), D3SI560 (3p), 
3S1289 (3p), D3S1286 (3p), D3S1038 (3p) } 
4S243 (4pq), FGA(4) (4q), CSF (5q). ACTBP2 
p), D8S348 (8q), D8S307 (8p), D9S747 (9p) ; 
9S242 (9p), I FN a (9p), D9S162 (9p), D11S488 
lq), THO (lip), vWA (12p). D13S802 (13q), 
SJD (14q), D17S695 (17p). D17S654 (Hp), 



D18S51 (I8q), MBP (18q), and D21S1245 (21q). 
Primer sequences and locations were obtained from 
the Genome Database (The Johns Hopkins Univer- 
sity. Baltimore, MD). One primer from each pair 
was end- labeled with [-y- 32 P]adenosine triphosphate 
(Amersham Life Science Inc., Arlington Heights, 
1L) with the use of bacteriophage T4-polynucleotide 
kinase (Life Technologies, Inc. (G1BCO BRL], Gai- 
thersburg, MD). Genomic DNA (50 ng) was sub- 
jected to 35 PCR cycles at a denaturing temperature 
of 95 °C for 1 minute, followed by varying anneal- 
ing temperatures (52 C C-60°C, depending on the 
primer sequence) for 1 minute, an extension step at 
72 °C for 1 minute, and a final extension step at 
72 °C for 5 minutes by use of a thermocycler (Hy- 
baid, Teddington, U.K.). PCR products were then 
separated in denaturing 7% poly aery lam ide-urea- 
formamide gels, followed by autoradiography for 
12-36 hours on X-omat film (Eastman Kodak Co., 
Rochester, NY) (9). LOH was determined by a com- 
parison of the intensity of the allelic bands from 
nonmalignant (lymphocyte) DNA with that of the 
allelic bands from the target sample (from tumor, 
urine, or serum). A reduction in the intensity of one 
allele in the target sample of more than 50% (30% in 
serum as a result of a greater dilution with normal 
DNA), as assessed by two independent observers 
(C. F. Eisenberger and D. Sidransky), was consid- 
ered to represent LOH and the presence of new 
''shifted" alleles (appearance of new bands) as mic- 
rosatellite instability. Clinical data were obtained 
from the patient charts. Every marker alteration 
(LOH or microsatellite instability) was confirmed by 
reamplification of the starting material and indepen- 
dent verification by two separate observers. 

Statistical analysis. The sensitivity and specific- 
ity of marker alterations in urine and serum were 
calculated as follows: sensitivity = number of posi- 
tive tests/number of cancer cases, and specificity = 
number of negative tests/number of cases without 
cancer. The proportion of patients showing a micro- 
satellite alteration was compared between tumor 
stages with the use of Fisher's exact test. P values 
reported are two-sided. 

Results 

We tested 28 microsatellite markers 
from 20 chromosomal regions in paired 
urine and serum specimens from case pa- 
tients with cancer and control subjects. 
Nineteen (76%) of 25 patients with ma- 
lignant tumors of the kidney (Table 1) 
were found to have one or more micro- 
satellite alterations (microsatellite insta- 
bility and LOH combined) in the urine 
DNA, and 15 (60%) of these 25 patients 
were found to have at least one alteration 
(microsatellite instability and LOH com- 
bined) in the serum DNA (Fig. 1, Table 
1 ). In each case, the identical genetic al- 
teration was also found in the correspond- 
ing DNA from the tumor sample. Three 
(60%) of the five patients with tumors of 
low or negligible malignant potential (one 
angiomyolipoma and two oncocytomas) 
displayed LOH at one or more markers in 
the urine that also matched the pattern of 



LOH found in the corresponding tumor 
(Table 1 ). None of the eight healthy sub- 
jects and none of the eight patients with 
nephrolithiasis displayed alterations in the 
urine or serum. Thus, detection of micro- 
satellite alterations in the urine had a sen- 
sitivity of 73% (22 of 30 patients in this 
study) for identifying patients with a renal 
mass and 100% specificity. The corre- 
sponding sensitivity and specificity for 
serum were 50% (15 of 30) and 100%, 
respectively. 

One patient with transitional cell car- 
cinoma (TCC) of the renal pelvis was in- 
cluded in the present analysis (#1290, 
Table 1). DNA changes were readily de- 
tectable in the urine and serum samples 
obtained from this patient preoperatively. 
The finding of readily identifiable LOH in 
the urine of this patient is consistent with 
previously published results obtained 
from studies of microsatellite analysis in 
patients with TCC of the bladder (6,7). 
Unlike patients with bladder cancer (Linn 
CJ, Sidransky D: unpublished data), how- 
ever, this patient with cancer of the renal 
pelvis displayed serum abnormalities as 
well (Table 1). 

There was no association between evi- 
dence of either microsatellite instability 
or LOH in serum and the stage of tumor 
(Table 2). Fifteen (60%) of 25 patients 
treated for malignant renal neoplasms in 
this study had evidence of either LOH or 
microsatellite instability in serum samples 
obtained preoperatively. Of these 15 pa- 
tients, three had tumors of stage Tl, eight 
had tumors of stage T2, and four had tu- 
mors of stage T3, and there was no dif- 
ference in serum detection between any of 
these tumor stages (P = .39, Fisher's ex- 
act test). Similarly, the urine samples 
were positive in 19 patients, including 
four patients with stage Tl tumor, 1 1 with 
stage T2 tumor, and four with stage T3 
tumor. Again, there was no association 
between stage of tumor and evidence of 
microsatellite alterations in urine speci- 
mens (P = .39, Fisher's exact test). Pa- 
tients with lesions of low malignant po- 
tential failed to show evidence of serum 
alterations in this analysis. 

Discussion 

Pathologic stage of disease predicts an 
individual patient's clinical outcome 
more profoundly than any other currently 
available marker after surgical treatment 
for a malignant renal tumor. Radical ne- 
phrectomy remains the primary mode of 
therapy for kidney cancers, although le- 
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Table I. Samples showing loss of heterozygosity (LOH) and/or microsatellite instability in the tumor, urine, and serum 



30 
10 
45 
53 
83 
,70 
17 
50 
61 
63 
94 
\99 
♦23 
i24 
i40 
i60 
i75 
>49 
>13 
i34 
552 
190 
152 
>51 
>50 
>00 
522 
158 
340 
S14 



Pathology* 



Age. y 



pTNMt 



Grade* 



Symptoms/history^ 



RCC, clear cell 51 T2N0MX 11-111 

RCC, chromophobe . 52 T2N0MX H-HI 

RCC, clear cell * 65 T3bN0MI . Ill 

RCC, clear cell . 72 T3aNXMX 111 

RCC. clear cell 65 T3aNXMX II 

RCC, clear cell 74 T2NXMX II 

RCC, clear cell 58 T2NXMX 11 

RCC, clear cell 33 T2NXMX I 

RCC, clear cell 70 T1NXMX I-1I 

RCC, clear cell 61 T2NXMX II 

RCC; clear cell 75 T2NXMX II 

RCC, clear cell 67 T3bNlMX II-III 

RCC, clear cell ' . ■ 60 T2N0MX II . 

RCC, clear-cell 46 T2NXMX II-IH 

RCC, clear cell 45 T2NXMX 1 

RCC, clear cell 59 T2NXMX I 

RCC, clear cell 60 TIN0MX I-II 

RCC, clear cell 61 T2N0MX II 

RCC. clear cell 74 T2N0MX II 

RCC, clear cell 67 T1N0MX I 

RCC. hypemephroid 69 T3NXMX III 

TCC, renal pelvis 76 T1NXMX III 

RCC, papillary 70 T2NXMX III 

RCC, papillary .63 T2N0MX ---II 

RCC, papillary 54 T2N0MX II 

Angiomyolipoma . 63 4 cm 

Metanephric nephroma 68 4 cm 

Oncocytoma 77 2 cm 

Oncocytoma 74 2.7 cm 

Oncocytoma 63 4 cm . 



Hematuria 

Microscopic hematuria 
Metastasis (lung, subcutaneous) 
None 

Discomfort 

Glomerulosclerosis 

Pain, CIS of glans, cholelithiasis 

Hematuria/pain 

None 

Hematuria 

Recurrent UTI, hematuria 

Discomfort/mass 

None 

None 

None 

None 

None 

None, renal pelvis involved 

None 

None 

None 

Hematuria/positive cytologic specimen 
None, collecting ducts involved 
- None -v 
None 
None 

None . 

Hematuria/pain 

None 

None 





Microsatellite 




instability, 


LOH, tumor/ 


tumor/urine/ 


urine/serumll • 


serumll 


6/0/0 - 


2/0/0 


6/1/0 


i if\tt\ ■ 
.1 /0/U 


2/0/0 


0/0/0 


2/1/1 


0/0/0 


4/1/1 


■ e\if\te\ 
. 0/0/U 


5/1/1 


1/1/1 


13/8/1 


. 0/0/0 


4/0/0 


1/1/6 


4/2/1 


l/l/l 


. 5/2/0 


. 0/0/0 


7/4/1 


0/0/0 


4/3/1 


0/0/0 


6/1/1 


0/0/0 


1/0/0 


0/0/0 . 


.2/1/1 


1/1/1 


. 2/6/1- 


0/0/0 


2/2/6 


1/0/0 


4/0/0 


0/0/0 


3/1/1 


0/0/0 


3/2/1 


0/0/0 


5/3/2 


- 0/0/0 


13/8/3 


1/1/0 


20/3/0 


0/0/0 


4/0/0 


0/0/0 


11/3/2 


0/0/0 


5/2/0 


1/0/0 


1/0/0 


1/0/0 


1/1/0 


0/0/0 


1/1/0 


' 0/0/0 


1/0/0 


0/0/0 



node status; M — metastatic status. 



♦RCC =" renal cell carcinoma; TCC = transitional cell carcinoma. 

t American Joint Committee on Cancer staging. pTNM: p = pathologic stage; T = tumor size; N 
£ American Joint Committee on Cancer. . 
§CIS = carcinoma in situ\ UTI = urinary tract infection. ' 

IjNumbers under LOH and microsatellite instability columns indicate positive microsatellite markers in tumor, urine, and serum DNA. In total, 28 markers were 
sted by microsatellite analysis in each clinical sample. All samples are from patients with malignant tumors, except those from patients 1500, 1522, 1458, 1640, 
id 1614 whose tumors have low or negligible malignant potential. 




N U S T 



c D3S1286 





d D21S1245 
N T U S 



ig. 1. Microsatellite analysis of clinical samples 
:om patients with renal cancer. Loss of the upper 
lleles indicating loss of heterozygosity in the urine 
U), serum (S). and tumor (T) in patients 1 523 (a), 
290 (b), and 1540 (d). Loss of the bottom allele is 
hown only in urine and tumor but not in serum in 
atient 1499 (c). Microsatellite markers are depicted 
ver each panel. N - normal lymphocyte DNA. 
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Table 2. Microsatellite analysis of clinical samples 
by stage of tumor at time of surgery 

Stage of tumor* 



Tl T2 T3 

Sample (n = 4) (n = 16) (n = 5) Ft 



Urine 
Serum 



4(100) 
3 (75) 



11(69) 
8 (50) 



4(80) 
4(80) 



.39 
.39 



*N umber (%) with loss of heterozygosity or mi- 
crosatellite instability in sample, 
t Two-sided, Fisher's exact test. 



sions extending beyond the kidney are 
substantially more difficult to cure than 
are those limited to the confines of the 
renal capsule. Although noninvasive im- 
aging has clearly improved clinical stag- 
ing of renal tumors, neither ultrasound nor 
computed tomography is sufficiently in- 
expensive or accessible to be used for 
widespread early-detection programs. 

Advances in basic research have shed 
light on some events that putatively con- 



tribute to the development of renal neo- 
plasia. Detailed studies of pathology (10) 
have underscored the morphologic het- 
erogeneity of renal cancers. Genetic stud- 
ies employing a variety of technologies 
(1 7-73/have shown that renal cancers are 
characterized by specific chromosomal 
abnormalities, the most common of which 
include subchromosomal losses on 3p in 
sporadic clear cell carcinomas, aneu- 
ploidy of chromosomes 7 and 17 in pap- 
illary renal tumors, and small deletions on 
chromosomal arm lp in oncocytomas and 
on distal lq in collecting duct carcinomas. 
Elegant familial studies of von Hippel- 
Lindau (VHL) disease have led to the 
identification of the gene putatively re- 
sponsible for that disease located at 3p25 
(14). Additional work (15) has shown that 
LOH at the VHL locus may be character- 
istic of most sporadic renal cancers. How- 
ever, these advances in basic research 
have not yet translated into the develop- 
ment of reliable diagnostic markers of re- 
nal cancer. 
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The central clinical problem facing 
rgeons and oncologists who care for pa- 
nts with renal cancer is that this cancer 
unresponsive to conventional systemic 
juvant therapies, unlike other genitouri- 
ry cancers for which successful adju- 
nt therapies have been developed (i.e., 
s-platinum-based chemotherapeutic 
gimens for bladder cancer and nonsemi- 
matous testicular neoplasms) (16,17). 
idioresistance is also characteristic of 
ial tumors, leaving surgery as the sole, 
nsistently successful form of therapy, 
irgical removal of the kidney has a 
nited role in the treatment of patients 
th advanced disease and is often not 
rative in patients with tumors that ex- 
id beyond Gerota's fascia or that in- 
lve regional lymphatics. Although pro- 
ective trials have not yet confirmed 
2 value of early renal cancer detection, 
ige-specific survival data suggest that, 
renal neoplasms could be consistently 
tected at the organ-eonfined stage, the., 
sease-specific survival rate could be 
pected to increase. It is interesting to 
»te that a recent retrospective autopsy 
ries identified renal cancer as one of 
..3 most common undiagnosed tumors 
at contributed to death in U.S. patients 
10 underwent postmortem examination 
8). 

The ease with which microsatelhte 
alysis can be performed on a variety 

DNA sources continues to increase, 
le molecular diagnosis of renal can- 
r by urinalysis is remarkable in that 
ecimens from all patients contained a 
rtual absence of cellular material or 
ily scant cellular fragments. Further en- 
:hment of neoplastic cell (or cell frag- 
ent) populations in the urine with anti- 
dies to cancer-specific antigens such as 
N/CA9 protein (19) may further in- 
ease the sensitivity of microsatellite 
alysis. Evolving knowledge of the ge- 
:tic changes that drive kidney cancer 
ogression and the ability to distinguish 
alignant and benign tumors of the 
dney will also lead to further improve- 
ents (20). We have demonstrated 
e ability to perform multiple analyses 
iing a new high-throughput micro- 
pi llary array that can markedly enhance 
e potential clinical utility of this mo- 
dular diagnostic approach (21). Transla- 
>n of this type of technology to the 
inical laboratory may hold the key to 
oader application and eventual use 
' microsatellite-based cancer diagnos- 

:S. 



Urologic malignancies have well- 
studied patterns of anatomic spread, the 
best characterized of which are testis 
and prostate cancers (3). Both of these 
tumor types are known for their propen- 
sity to metastasize by lymphatic routes. In 
contrast, renal cancer probably spreads 
by a combination of lymphatic and hema- 
togenous mechanisms, a fact underscored 
by the finding that circulating cancer cells 
have been readily extracted from the 
blood of patients with various stages of 
malignant renal disease (22). The finding 
of serum microsatellite alterations in 
greater than 50% of the patients studied 
for this report probably reflects the hema- 
togenous mechanism by which certain 
renal tumors spread. A recent report (23) 
confirmed a similar frequency of micro- 
satellite alterations in the serum of pa- 
tients with clear cell renal tumors. While 
it is not yet possible to say to what extent 
patterns of microsatellite alterations are 
related to the malignant and metasta- 
tic potential of individual renal tumors, 
further study of these tumors with differ- 
ent panels of markers may reveal patterns 
of LOH and microsatellite instability 
with prognostic as well as diagnostic po- 
tential. Coupled with high-throughput 
technologies, genome-wide search strate- 
gies, and the opportunity to study a larger 
pop u lati on~of ~ patients in~*a~~multi- ~ 
institutional venue, microsatellite analysis 
may permit the identification of patients 
with early and potentially resectable dis- 
ease. Microsatellite alterations in serum 
predicted a poor prognosis in patients 
with head and neck cancer (24) and may 
also identify kidney cancer patients at risk 
for disease progression for whom experi- 
mental adjuvant therapies may be benefi- 
cial. 

We have demonstrated that microsat- 
ellite analysis of urine can frequently de- 
tect the presence of malignancy in pa- 
tients with clinically organ-confined renal 
cancer. Patients with renal lesions of 
lower malignant potential, such as onco- 
cytomas, demonstrated DNA alterations 
in matched urine samples but not in pre- 
operative serum samples. Individuals with 
nephrolithiasis and control subjects with- 
out genitourinary complaints or symp- 
toms did not have positive microsatellite 
analyses in this study. Larger multicenter 
trials utilizing this assay for the diagnosis 
and potential staging of renal cancer pa- 
tients are warranted to determine the ulti- 
mate clinical utility of this molecular ap- 
proach. 
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ABSTRACT 

Using an immunocytological approach, we previously 
showed that disseminated cancc; cells are frequently found 
in peritonea] cavity and bone marrow samples of gastroin- 
testinal and pancreatic cancer patients. Recently, we dem- 
onstrated that the detection of isolated tumor cells could 
serve as a new prognostic factor in gastric and colorectal . 
cancer. Thus far, no conclusive data concerning the clinical 
implication of minimal residual disease in pancreatic cancer 
exist. In this study, we investigated peritoneal lavage and 
bone marrow samples of 80 pancreatic cancer patients to 
determine the predictive value of immunocytologically de- 
tected disseminated tumor cells. Therefore, immunocyto- 
logical findings were correlated with the clinical follow-up 
data (median observation time, 1077 months; range, 2— 61 
months), and the findings in peritoneal cavity and bone 
marrow samples were compared. Fifty-two % of the patients 
showed minimal residual disease at least in one compart- 
ment (39% positive lavage and 38% positive bone marrow- 
samples). The detection rate of isolated tumor cells increased 
in parallel to the tumor stage. The presence of tumor cells in 
the peritonea] cavity significantly correlated with the sur- 
vival time of the patients (P = 0.0035). In bone marrow 
samples, a strong trend was seen (P = 0.06). The evaluation 
of both compartments increased the number of positive 
patients and resulted in a highly significant correlation: all 
patients who were positive in at least one compartment died 
within 18 months, whereas negative patients showed a 
5-year survival rate of 30% {P < 0.0001). We recommend 
immunocytological investigation of peritoneal cavity and 
bone marrow samples as a new prognostic marker in pan- 
creatic cancer patients. 
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INTRODUCTION 

The prognosis of pancreatic cancer is extremely poor; the 
overall 5-year survival rate is only 2%. A chance of cure exists 
only for a minority of patients with locally limited and surgi- 
cally resectable tumors (1). However, of patients who are rad- 
ically treated by a partial pancreaticoduodenectomy and lymph- 
adenectomy (R0 resection), 70-80% will suffer from an 
incurable local relapse, distant metastases, or peritoneal carci- 
nosis (2). Although a local relapse might be caused by an 
incomplete resection, distant metastases and peritoneal carcino- 
sis ultimately depend on a dissemination of malignant cells. 
Presently, those cells are not detectable with conventional diag- 
nostic tools. However, their elimination is the aim of various 
adjuvant therapy concepts that are currently under investigation, 
including chemotherapy (3), immunotherapy (4); and gene ther- 
apy (5). For a specific selection of patients who would benefit 
from those therapies, it would be helpful to detect minimal 
residua] disease. 

Immunocytological methods, which are significantly more 
sensitive than conventional cytology (6), have made it possible 
to detect disseminated tumor cells in the bone marrow of pa- 
tients with breast cancer (7), small cell lung cancer (8), neuro- 
blastoma (9), prostatic cancer (10), gastric cancer (11), and 
colorectal cancer (12). Previously, we could demonstrate that 
minimal residual disease also frequently occurs in bone marrow 
of pancreatic cancer patients (13, 14). However, bone marrow 
metastases are a rare event in pancreatic cancer (15). Dissemi- 
nated tumor cells are more likely to occur in the peritoneal 
cavity because of the high frequency of local relapse or perito- 
neal carcinosis. Therefore, we also developed an immunocytor 
logical approach to detect isolated tumor cells in peritoneal 
cavity samples (13). Recently, we showed that the finding of , 
tumor cells in the peritoneal cavity can serve as a prognostic 
marker in gastric and colorectal cancer (16). However, no com- 
prehensive immunocytological studies exist concerning the clin- 
ical implication of isolated i.p. and bone marrow tumor cells in 
pancreatic cancer. 

This study was initiated to determine the predictive value 
of disseminated tumor cells in pancreatic cancer patients. We 
extended our former studies to a larger collection of patients and 
investigated peritoneal lavage and, for comparison, bone mar- 
row samples in surgically treated tumor patients and compared 
the immunocytological findings with the clinical data. 

Here, we show that tumor cells were frequently detectable 
in the peritoneal cavity and in the bone marrow. A finding of 
isolated tumor cells correlated significantly with the postoper- 
ative survival rate of pancreatic cancer patients. 

MATERIALS AND METHODS 
Patients 

All patients were extensively informed and gave written 
consent for the investigations, including the bone marrow aspi- 
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ration. The study was confirmed by the ethics commission of the 
University Hospital Kiel (Kiel, Germany). 

We evaluated the data of 80 patients who suffered from an 
adenocarcinoma of the pancreas and underwent surgery (carci- 
noma of the papilla vateri and endocrine tumors were excluded). 
Bone marrow samples were tested in 71 patients (9 patients 
declined to give their consent), and lavage samples could be 
obtained in 62 patients (18 patients showed adhesions that were 
too extensive). Pairs of peritoneal lavage and bone marrow were 
analyzed in 53 patients. 

Patients who died in the hospital due to surgical compli- 
cations or tumor progress (n = 7) and patients who attended a 
clinical study for adjuvant therapy (/? = 2) were excluded from 
this study. Another six patients who were initially investigated 
were lost in the follow-up and, therefore, not included in this 
study ( 1 stage II and positive in peritoneal lavage; 2 stage III and 
immunocytologically negative; and 3 stage IV, 2 of which were 
immunocytologically positive). 

Control Group, Fifty-eight patients who underwent sur- 
gery but did not suffer from a^ mf ligna^ served as a 
control group; 45 agreed to a bone marrow aspiration and 43 
agreed to a peritoneal lavage. The control group included 
patients suffering from benign liver tumors (n ■= 10), sigma 
diverticulitis (/? = 8), chronic pancreatitis (n = 7), cholecysto- 
lithiasis (n = 5), achalasia (n = 4), other benign diseases 
(„ = 3) f and hypersplenism (rt = 4). Additionally, ascites from 
patients- with liver cirrhosis- (n = 5) and bone -marrow samples 
from patients with benign hematological disease (n = 12) were 
examined. 

Samples 

Bone marrow (10 ml) was aspirated from the right spina 
iliaca anterior at the beginning of the operation (Jamshidi nee- 
dle). Peritoneal lavage was performed before manipulation of 
the tumor. One liter of isotonic sodium chloride solution was 
instilled and immediately removed (13). 

Preparation of Samples. The lavage solution was cen- 
trifuged (270 X g for 10 min), and the supernatant was 
discharged. The cell pellet was resuspended in 20 ml of 
RPMI 1640. All lavage suspensions and bone marrow aspi- 
rates were further processed by Ficoll-Paque (Pharmacia, 
Uppsala, Sweden) and centrifuged onto microscopic slides 
(2.5 X 10 5 cells/slide). Cytospins were fixed in acetone and 
stored at -20°C (13). 

Immunocytochemistry 

Staining of cytospins was performed by the immunoper- 
oxidase method with six different monoclonal antibodies as 
described previously (13): (a) C1P83, gold 3 epitope of CEA 3 
(17); (b) CA19-9 (DAKO, Carpinteria, CA), determinants of 
Lewis blood group antigens (1 8); (c) 17-1 -A (Centocor, Leiden, 
the Netherlands), tumor-associated membrane antigen (19); (d) 
Ra96, tumor-associated mucin antigen (20); (e) C54-0, epithe- 
lial membrane antigen (21): because of a cross-reactivity with a 
subpopulation of lymphopoietic cells in the bone marrow, C54-0 
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was only evaluated for peritoneal cavity samples; and (/) KL-1 
(Immunotech, Hamburg, Germany), cytokeratins (only used in 
bone marrow samples). The hybridoma cells for the antibodies 
C1P83, Ra96, and C54-0 were produced by our laboratory, and 
antibodies were purified according to standard procedures (21). 
A total of 1.25 X 10? peritoneal lavage and bone marrow cells 
each were tested for every patient. The microscopic evaluation 
was carried out independently by two investigators. To ensure . 
that the investigators were not influenced by the clinical data, 
the slides were blinded by numbers, and the investigators were, 
therefore, not aware of the clinical background of the samples 
(e.g., tumor stage, control sample, and so on). 

Evaluation of Data 

Samples were evaluated as tumor cell positive if at least 
one cell reacted with one of the monoclonal antibodies. The 
detection rate was correlated with the Union International Con- 
tre Cancer classification of the iwnor stage and the R-ciassifi- 
catipn (22). 

Postoperatively, patients were examined either in our out- 
patient clinic or by their general practitioner. Every 3 months, a 
clinical examination and blood tests, including tumor markers 
CEA and CA19-9, were performed, and every 6 months, a 
sonography or computed tomography scan was performed. 

The projected survival rates were determined by Kaplan- 
Meier calculation, and calculations of significance were deter- 
mined by the log-rank test. 

RESULTS 

Control Group. In 43 of 45 patients, no cell staining was 
seen in bone marrow samples with the antibodies KL-1, C1P83, 
Ra96, CA19-9, or 17-1 -A. In two patients, single cells were 
stained with the antibodies KL-1, C1P83, and 17-1-A. Addi- 
tionally, one patient had positive cells for CA19-9. Both patients 
were strongly suspected to suffer from pancreatic cancer and 
were, therefore, treated by a partial duodenopancreatectomy 
(Whipple operation). The histological analysis could not con- 
firm this diagnosis and found a chronic pancreatitis. 

The peritoneal lavage samples of patients with no malig- 
nant diseases showed, in 40 of 43 cases, no positive reaction of 
the applied antibodies (C1P83, Ra96, CA19-9, 17-1-A, and 
C54-0). Two of the positive samples were derived from the 
same patients mentioned above who suffered from a chronic 
pancreatitis and showed C54-0- and ClP8-stained i.p. cells, 
respectively. A third patient with liver cirrhosis and a chronic 
hepatitis C was positive for the antibody C54-0. 

Pancreatic Cancer. Overall, minimal residual disease 
was detected in 42 of 80 (52%) patients; 24 of 62 (39%) had 
positive peritoneal cavities and 27 of 71 (38%) had positive 
bone marrow samples. The antibody CA19-9 showed the high- 
est detection rate in bone marrow samples (23%), followed by 
C1P83 (anti-CEA) and KL-1 (13 and 12%, respectively). In 
peritoneal cavity samples, C1P83 (31%) and Ra96 (20%) re- 
acted with the highest frequency. As shown previously (13), the 
combination of all antibodies clearly increased the detection rate 
in the bone marrow, peritoneal cavity, and combined evaluation 
(38,39, and 52%, respectively). On average, we found 5 isolated 
tumor cells per peritoneal lavage sample (range, 1-95 cells) and 
3 isolated tumor cells in the bone marrow (range, 1-5 cells). 
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Fig. 1 shows typical positive results in a peritoneal lavage 
(Fig. la) and a bone marrow sample (Fig. \b). In peritoneal 
cavity and bone marrow samples, the detection rate increased in 
parallel with the tumor stage. Interestingly, one of five (20%) 
patients with a stage II tumor showed positive cells within the 
peritoneal cavity, although the rumor had no direct access to the 
peritoneal cavity; three of eight (38%) presented rumor cells in 
the bone marrow; and in three of nine (33%), the tumor had 
spread in both compartments. 

A radical partial pancreaticoduodenectomy (Whipple pro- 
cedure) including extended lymphadenectomy was performed as 



an R0 resection in 29 patients. In 6 patients, the histological 
evaluation revealed a Rl resection (microscopically remaining 
tumor); in 3 patients, a macroscopically incomplete tumor re- 
section was performed (R2 resection); and 42 patients received 
palliative surgery by abdominal exploration and bypass opera- 
tion (e.g., gastroenterostomy and biliodigestive anastomosis). 

In RO-resected patients, minimal residual disease was detected 
in 29% of the peritoneal cavity and 21% of the bone marrow 
samples. In incomplete resected or palliative treated patients, the 
detection rate was significantly higher and showed tumor cell 
dissemination in 56% of the peritoneal cavity and in 48% of the 
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Table / Summary of pancreatic cancer, patients (« = 80) who were included in the follow-up study 
the Union International Contre Cancer tumor stage; the number of patients with a "curative" operation (R0 resection), incomplete 
resection), or palliative operation (OP); and the detection rate in the peritoneal cavity (pc), bone marrow (bm), or either compartment 
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Table 2 Summary of 53 patients in whom peritoneal lavage and 
bone marrow were investigated in parallel ("pairs") 
Comparison of tumor stage and number of patients (percentages in 
parentheses) with positive peritoneal cavity samples only (pc only), 
positive bone marrow samples only (bm only), patients with immuno- 
cytological findings in both compartments (pc and.bm), and patients 
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bone marrow probes. Stage IVb patients (n = 36) suffered, in four 
cases, from a peritoneal carcinosis, which was in accordance with 
immunocytological positive results in two patients. 

Table 1 summarizes the nimor stages, types of resection, 
and immunocytological results. In 53 patients, peritoneal cavity 
and bone marrow samples were investigated in pairs. Both 
compartments were positive in nine patients (17%), including 
one patient with stage II, one patient with stage III, and seven 
patients with stage IV (Table 2) tumors. 

Follow-Up. The postoperative survival rate was deter- 
mined in 80 patients and correlated with the findings of 71 bone 
marrow, 62 peritoneal lavage samples, and 53 pairs (peritoneal 
lavage plus bone marrow). Due to the majority of patients who 
died within the first year, the median observation time was short 
(10.7 months; range, 2-61 months), with an overall 5-year 
survival rate of 1 4%. 

According to the Kaplan-Meier calculation, all patients 
with positive immunocytological findings in the peritoneal cav- 
ity and in the bone marrow died within 15 and 20 months, 
respectively. In contrast, 29% of the patients with negative 
findings (n = 38) were supposed to survive at least 5 years. 

The log-rank test showed significance for the peritoneal 
cavity (P = 0.0035) and a statistical trend for bone marrow 
findings (P = 0.06). The calculation became highly significant 
(P < 0.0001) . when the immunocytological results of all 80 
patients were correlated with the survival (minimal residual 
disease in either compartment; Fig. 2). 

Interestingly, the pair analysis of 53 patients showed that 
the survival rate of patients with tumor cell dissemination in 



both compartments (w = 9) was as bad as that in patients who 
suffered from isolated tumor cells in either the bone marrow 
(„ = 13) or the peritoneal cavity (w = 12; Fig. 3); The detection 
of micrometastatic single cells strongly correlated in any group 
with a worse survival rate compared to patients who had no 
signs of dissemination (w = \9\P = 0.0012). However, the date 
also ^ strongly "indicate that the combined evaluation of bone, 
marrow and peritoneal cavity increases the number of positive 
patients. This is mainly due to a significant group of patients in 
whom only one compartment could be analyzed (Table 2). 

A prognostic value of immunocytological ly detected tumor 
cells was also observed within patients who suffered from the 
same tumor stage. A significant correlation was found in stage 
III when minimal residual disease was detected either in the 
peritoneal cavity or the bone marrow (P = 0.0216). It is re- 
markable that, in this advanced tumor stage, the 3-year survival 
rate in negative patients was 20°/o, whereas all positive patients 
except one died within 1 1 months. The evaluation of RO-re- 
sected stage III cases (n = 1 3) showed that three of four patients 
(75%) with positive findings in the peritoneal cavity or the bone 
marrow died within 1 year, compared to four of nine negative 
patients (44%). . 

In stage IV, similar results were found: all positive patients 
died within 20 months, but \2°/o survived more than 3 years 
(P - 0.09; Fig. 4). This statistical trend became significant 
when only lavage samples were calculated (P = 0.0273). Due to 
the low number of cases with early stages I and II, a comparative 
statistical calculation of survival and immunocytology for these 
early stages was not possible. However, when patients with 
stage I and II were combined, one of three patients with positive 
immunocytology died within 1 year, in contrast to one of nine 
patients with negative staining, indicating that the detection of 
isolated tumor cells also serve as an prognostic factor in early 
cancer stages. 

Additionally, we were interested in the prognostic value of 
each antibody alone. A highly significant correlation with the 
survival and peritoneal cavity findings was found for C1P83 
(P < 0.0001). Prognostically relevant cells were also found with 
CAI9-9 (P = 0.0224)/ Ra96 OP = 0.04), and 17-1 -A (P = 
0.0064). Only the antibody C54-0 did not show a significant 
correlation (P = 0.1242). 

In bone marrow samples, Ra96-positive patients had a 
significant worse prognosis (P = 0.0324). Although CA19-9 
showed a statistical trend (P = 0.1115), none of the other 
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Fig. 2 Kaplan-Meier calculation for the cumulative 5-year survival of 
pancreatic cancer patients (n = 80) with antibody-positive (Ab-positive) 
versus antibody-negative (Ab-negative) samples. A, results of peritoneal 
lavage samples (Ab-positive, n = 24; Ab-negative, n = 38; P = 0.0035). 
B, the evaluation of bone marrow samples (Ab-positive, n = 27; Ab- 
negative, n = 44; P = 0.06). C, results of positive findings in at least 
one compartment (Ab-positive, n = 42; Ab-negative, n = 38; /» < 
0.0001). 



antibodies could define a significant correlation of positive 
immunocytology and survival. 

DISCUSSION 

Immunocytological techniques have made it possible to 
detect disseminated tumor cells in the bone marrow of various 
cancer patients. Most studies have been performed with breast 
cancer patients using a specific antibody for epithelial cells to 
detect a tumor cell spread in the bone marrow at the time of 
operation (23). A strong correlation between tumor cell detec- 
tion and survival could be seen, and hence, in these patients, the 
finding of isolated cancer cells may serve as a new prognostic 
marker (7). Further studies were published describing a similar 
approach to search for isolated tumor cells in the bone marrow 
of lung cancer (8), prostatic cancer (10), and neuroblastoma (9) 
patients. However, in contrast to the mentioned malignancies, 
bone metastases are a rare event in pancreatic cancer; the 
majority of the patients suffer from intraabdominal spread (15) 
and peritoneal carcinosis (24). 



Therefore, we investigated peritoneal cavity samples of pan- 
creatic cancer patients in addition to bone marrow aspirates by an 
immunocytological approach. Previously, we showed that our ap- 
proach allows a highly specific tumor cell detection in the bone 
marrow and in the peritoneal cavity (13). This finding was con- 
firmed in this study. The enlarged control group contained only two 
positive bone marrow and three positive peritoneal lavage samples. 
Two of these patients were treated by a Whipple resection due to 
the strong suspicion of a pancreatic cancer. A third patient suffered 
from chronic hepatitis C and liver cirrhosis and showed lavage cells 
that were positive for C54-0. The chance of nonspecific mesothelial 
cell staining by antibodies directed against tumor-associated anti- 
gens has been described (25), but obviously, it is low with the 
applied antibody panel. Additionally, a further explanation for the 
detection of disseminated cells in the control group might be that 
those cells are "disseminated" benign cells. This theory receives 
some supporting evidence from PCR studies. It was found that 
normal liver cells were detectable in blood samples oi patienis who 
were surgically treated for benign liver disease (26). Using a CK20 
nested reverse transcription-PCR, which detects disseminated epi- 
thelial cancer cells with a high specificity in the bone marrow of 
colorectal cancer patients, we (27) found, in rare cases with non- 
malignant disease, disseminated epithelial cells in bone marrow 
and blood samples. Interestingly, one of the "control patients'* with 
a CK20-positive bone marrow sample mentioned in that study is 
identical to one patient in our study who showed CA19-9-stained 
cells in the bone marrow. The finding of disseminated cells by two 
different approaches strongly suggests that no nonspecific cross- 
reaction with normal bone marrow cells occurred. 

However, in our study, the finding of disseminated cells 
without a proven malignancy was a rare event, and overall, this 
approach was defined to be highly specific for the detection of 
isolated tumor cells in pancreatic cancer patients. The specificity 
of the immunocytological results was supported by the obser- 
vation that, in most tumor patients, at least two different tumor- 
associated antigens were stained. 

Disseminated tumor cells were i.p. found, even in the 20% 
of patients with an early tumor stage II in whom a direct tumor 
access to the peritoneal cavity could be excluded. Because 
studies in gastric cancer patients suggest those cells most likely 
reach the peritoneum by pores and lymph vessels and obviously 
become frequently detectable with high sensitive methods such 
as immunocytology (13, 28). By finding minimal residual dis- 
ease in peritoneal lavage and bone marrow samples even in 
early stages, our study give strong evidence that tumor cell 
spread is a general and an early feature of pancreatic cancer. 

Whether isolated disseminated tumor cells possess the abil- 
ity to form metastatic disease and are, therefore, of prognostic 
significance is still controversial. Immunocytological studies 
concerning the predictive value of isolated gastrointestinal tu- 
mor cells exist for gastric, colorectal, and esophageal cancer. All 
studies suggest isolated tumor cells to be a prognostic factor (16, 
29-31). Thus far, only one study investigated the prognostic 
value of epithelial cells in the bone marrow of pancreatic cancer, 
but the number of patients in that study was low, and therefore, 
the follow-up data were not conclusive (32). 

Our study is the first comprehensive analysis on pancreatic 
cancer patients. We clearly showed a prognostic dependence of the 
survival from minimal residual disease. In accordance to recent 
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Fig. 3 Correlation of the postoperative survival and immunocytologi- 
cal findings in patients who could be tested in both compartments. 
Shown are the Kaplan-Meier calculation for patients with no findings in 
both compartments {BM—/PL— y n = 1 9); findings in either the bone 
marrow (BM+/PL-, n = 13) or the peritoneal cavity {BM-/PL+, n — 
12); and patients who showed tumor cell dissemination in peritoneal 
lavage and bone marrow samples {BM+/PL+, n = 9; P = 0.0012). 



results in gastric and colorectal cancer (16), the predictive value of . 
i.p. cells was superior to findings in the bone marrow. Interestingly, 
the pair analysis of 53 patients (Fig. 3) strongly indicates that the 
predictive value of i.p. isolated tumor cells is not improved by an 
additional finding of cells in the bone marrow. However, due to a 
significant number of patients (in our study, almost 20%) in whom 
a lavage could not be performed, the investigation of the bone 
marrow helped to increase the number of patients with a prognos- 
tically significant minimal residual disease. The higher prognostic 
value of i.p. tumor cells is not fully understood, but it may be that 
the contact of tumor cells with peritoneal cells support their ability 
to develop the full metastatic phenotype {e.g., by secreted growth 
factors). Gastrointestinal epithelial cells are displaced in the bone 
marrow and may be in the "wrong" environment and, conse- 
quently, kept in a dormant state, as Pantel et al. (33) suggested. 
Further studies will focus on the characterization of the isolated 
cancer cells to elucidate local factors that may be important in the 
progress of metastatic disease. 

The metastatic potential of isolated tumor cells and, 
thereby, their prognostic impact became even more evident 
when patients with the same tumor stage were compared. A 
Kaplan -Meier calculation was possible for stages III and IV. In 
both stages, a positive immunocytological result in lavage 
and/or bone marrow probes significantly correlated with the 
survival. It is remarkable that all positive patients in stage III 
and in stage IV died within 18 months, but even in stage IV, 
some negative patients survived at least 3 years. Furthermore, in 
stage III patients who received a curative R0 resection, three of 
four (75%) died within 1 year when minimal residual disease 
was detected. In contrast, only four of nine (44%) negative 
patients died within this period. 

Due to the low number of positive patients, in stage I and 
II, a Kaplan-Meier calculation was not performed, but the trend 
in these early tumor stages was similar to stage III and IV: one 
of three patients with positive findings died within 1 year. In 
contrast, one of nine patients in the negative group died during 
this period from tumor relapse (5-year survival time, 70%; data 
not shown). 
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Fig. 4 Correlation of the postoperative survival and immunocytologi- 
cal findings in the peritoneal cavity and/or bone marrow of pancreatic 
cancer (stage UI/IV). Patients with tumor stage HI (Ab-positive, n = 9; 
Ab-negative, n = 10; P = 0.0216; A) and patients with stage IV 
{Ab-positive, n = 30; Ab-negative, n = 19; P — 0.0809; B) are shown. 
In stage IV, the statistical evaluation became significant, when only 
lavage results were evaluated (P = 0.0273; data not shown). 



By using a significantly higher sensitive technique, our 
study gives strong support to a recent cytological study that 
showed a worse prognosis of pancreatic cancer patients suffer- 
ing from an early i.p. dissemination (34) and can have direct 
clinical implications: patients who are immunocytologically 
tested negative might benefit from a more aggressive surgical 
approach, which is currently not recommended in most stage III 
and IV patients. On the other hand, immunocytologically posi- 
tive tested patients, especially patients with tumor cells, have an 
extremely poor prognosis. A radical surgical approach with a 
risk of high morbidity seems to be legitimate only if, postoper- 
atively, an effective (and systemic) adjuvant therapy can be 
offered in the future. 

In summary, using an imrriunocytological approach, we 
demonstrated that minimal residual disease becomes frequently 
detectable in the peritoneal cavity and the bone marrow of 
pancreatic cancer patients. The occurrence of isolated tumor 
cells correlates with a poor prognosis and. thereby, serves as a 
new prognostic marker. This technique might be helpful in 
guiding surgical therapy and new adjuvant treatment concepts. 
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ABSTRACT 

. Using an immunocytological approach, we previously 
showed Chat disseminated cancer cells are frequently found 
in peritoneal cavity and bone marrow samples of gastroin- 
testinal and pancreatic cancer patients. Rec^tl^wjti?®!!^. 
onstrated that the detection of isolated tumor cells could 
serve as a new prognostic factor in gastric and colorectal 
cancer. Thus far, no conclusive data concerning the clinical 
implication of minimal residual disease in pancreatic cancer 
exist. In this study, we investigated peritoneal lavage and 
bone marrow samples of 80 pancreatic cancer patients to 
determine the predictive value of immunocytologically de- 
tected disseminated tumor cells. Therefore, immunocyto- 
logical findings were correlated with the clinical follow-up 
data (median observation time, 10.7 months; range, 2-61 
months), and the findings in peritoneal cavity and bone 
marrow samples were compared. Fifty-two % of the patients 
showed minima] residual disease at least in one compart- 
ment (39% positive lavage and 38% positive bone marrow- 
samples). The detection rate of isolated tumor cells increased 
in parallel to the tumor stage. The presence of tumor cells in 
the peritoneal cavity significantly correlated with the sur- 
vival time of the patients (P = 0.0035). In bone marrow 
samples, a strong trend was seen (P — 0.06). The evaluation 
of both compartments increased the number of positive 
patients and resulted in a highly significant correlation: all 
patients who were positive in at least one compartment died 
within 18 months, whereas negative patients showed a 
5-year survival rate of 30% (P < 0.0001). We recommend 
immunocytological investigation of peritoneal cavity and 
bone marrow samples as a new prognostic marker in pan- 
creatic cancer patients. 
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INTRODUCTION 

The prognosis of pancreatic cancer is extremely poor; the 
overall 5-year survival rate is only 2%. A chance of cure exists 
only for a minority of patients with locally limited and surgi- 
cally resectable tumors (1). However, of patients who are rad- 
ically treated by a partial pancreatico-duodenectomy and lymph- 
adenectomy (R0 resection), 70-80% will suffer from an 
incurable local relapse, distant metastases, or peritoneal carci- 
nosis (2). Although a local relapse might be caused by an 
incomplete resection, distant metastases and peritoneal carcino- 
sis ultimately depend on a dissemination of malignant cells. 
Presently, those cells are not detectable with conventional diag- 
nostic tools. However, their elimination is the aim of various 
...adjuvanUherapy concepts that are currently under investigation, 
including chemotherapy (3), immunotherapy (4), and gene ther- 
apy (5). For a specific selection of patients who would benefit 
from those therapies, it would be helpful to detect minimal, 
residual disease. 

Immunocytological methods, which are significantly more 
sensitive than conventional cytology (6), have made it possible 
to detect disseminated tumor cells in the bone marrow of pa- 
tients with breast cancer (7), small cell lung cancer (8), neuro- 
blastoma (9), prostatic cancer (10), gastric cancer ( 1 1 ), and 
colorectal cancer (12). Previously, we could demonstrate that 
minimal residual disease also frequently occurs in bone marrow 
of pancreatic cancer patients (13, 14). However, bone marrow 
metastases are a rare event in pancreatic cancer (15). Dissemi- 
nated tumor cells are more likely to occur in the peritoneal 
cavity because of the high frequency of local relapse or perito- 
neal carcinosis. Therefore, we also developed an immunocyto- 
logical approach to detect isolated tumor cells in peritoneal 
cavity samples (13). Recently, we showed that the finding of 
tumor cells in the peritoneal cavity can serve as a prognostic 
marker in gastric and colorectal cancer (16). However, no com- 
prehensive immunocytological studies exist concerning the clin- 
ical implication of isolated i.p. and bone marrow tumor cells in 
pancreatic cancer. 

This study was initiated to determine the predictive value 
of disseminated tumor cells in pancreatic cancer patients. We 
extended our former studies to a larger collection of patients and 
investigated peritoneal lavage and, for comparison, bone mar- 
row samples in surgically treated tumor patients and compared 
the immunocytological findings with the clinical data. 

Here, we show that tumor cells were frequently detectable 
in the peritoneal cavity and in the bone marrow. A finding of 
isolated tumor cells correlated significantly with the postoper- 
ative survival rate of pancreatic cancer patients. 

MATERIALS AND METHODS 
Patients 

All patients were extensively informed and gave written 
consent for the investigations, including the bone marrow aspi- 
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ration. The study was confirmed by the ethics commission of the 
University Hospital Kiel (Kiel, Germany). 

We evaluated the data of 80 patients who suffered from an 
adenocarcinoma of the pancreas and underwent surgery (carci- 
noma of the papilla vateri and endocrine tumors were excluded). 
Bone marrow samples were tested in 71 patients (9 patients 
declined to give their consent), and lavage samples could be 
obtained in 62 patients ( 1 8 patients showed adhesions that were 
too extensive). Pairs of peritoneal lavage and bone marrow were 
analyzed in 53 patients. 

Patients who died in the hospital due to surgical compli- 
cations or tumor progress (n = 7) and patients who attended a 
clinical study for adjuvant therapy (/? = 2) were excluded from 
this study. Another six patients who were initially investigated 
were lost in the follow-up and, therefore, not included in this 
study (1 stage II and positive in peritoneal lavage: 2 stage III and 
immunocytologically negative; and 3 stage IV, 2 of which were 
irnmanocytologically positive). 

Control Group. Fifty-eight patients who underwent sur- 
getyi but^did.npt^sujjer^om a malignant disease served as a 
control group; 45 agreed to a bone marrow aspiration and 43 
agreed to a peritoneal lavage. The control group included 
patients suffering from benign liver tumors (n — 10), sigma 
diverticulitis (w = 8), chronic pancreatitis (n = 7), cholecysto- 
lithiasis (n = 5), achalasia (n = 4), other benign diseases 
(„ = 2), and hypersplenism (n - 4). Additionally, ascites from 
patients with liver cirrhosis (/; = 5) and bone marrow samples 
from patients with benign hematological disease (n = 12) were 
examined., _ 

Samples 

Bone marrow (10 ml) was aspirated from the right spina 
iliaca anterior at the beginning of the operation (Jamshidi nee- 
dle). Peritoneal lavage was performed before manipulation of 
the tumor. One liter of isotonic sodium chloride solution was 
instilled and immediately removed (13). 

Preparation of Samples. The lavage solution was cen- 
trifuged (270 X g for 10 min), and the supernatant was 
discharged. The cell pellet was resuspended in 20 ml of 
RPMI 1640. All lavage suspensions and bone marrow aspi- 
rates were further processed by Ficoll-Paque (Pharmacia, 
Uppsala, Sweden) and centrifuged onto microscopic slides 
(2.5 X 10 5 cells/slide). Cytospins were fixed in acetone and 
stored at -20°C (13). 

Immunocytochemistry 

Staining of cytospins was performed by the immunoper- 
oxidase method with six different monoclonal antibodies as 
described previously (13): (a) C1P83, gold 3 epitope of CEA 3 
(17); (b) CA19-9 (DAKO, Carpinteria, CA), determinants of 
Lewis blood group antigens (18): (c) 17-1 -A (Centocor, Leiden, 
the Netherlands), tumor-associated membrane antigen (19); (d) 
Ra96, tumor-associated mucin antigen (20); (e) C54-0, epithe- 
lial membrane antigen (21 ): because of a cross-reactivity with a 
subpopulation of lymphopoietic cells in the bone marrow, C54-0 
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was only evaluated for peritoneal cavity samples: and (/) KL-1 
(Immunotech, Hamburg, Germany), cytokeratins (only used in 
bone marrow samples). The hybridoma cells for the antibodies 
C1P83, Ra96, and C54-0 were produced by our laboratory, and 
antibodies were purified according to standard procedures (21). 
A total of 1.25 X 10 6 peritoneal lavage and bone marrow cells 
each were tested for every patient. The microscopic evaluation 
was carried out independently by two investigators. To ensure . 
that the investigators were not influenced by the clinical data, 
the slides were blinded by numbers, and the investigators were, 
therefore, not aware of the clinical background of the samples 
(e.g., tumor stage, control sample, and so on). 

Evaluation of Data 

Samples were evaluated as tumor cell positive if at least 
one cell reacted with one of the monoclonal antibodies. The 
detection rate was correlated with the Union International Con- 
tre Cancer classification of the lun.oi stage and the R -classifi- 
cation (22). 

Postoperatively, patients were examined either in our-OUt-_ 
patient clinic or by their general practitioner. Every 3 months, a 
clinical examination and blood tests, including tumor markers 
CEA and CA19-9, were performed, and every 6 months, a 
sonography or computed tomography scan was performed. 

The projected survival rates were determined by Kaplan-. 
Meier calculation, and calculations of significance were deter- 
mined by the log-rank test. 

RESULTS _ _ 

Control Group. In 43 of 45 patients, no cell staining was 
seen in bone marrow samples with the antibodies KL-L C1P83, 
Ra96, CA19-9, or 17-1-A. In two patients, single cells were 
stained with the antibodies KL-1, C1P83, and 17-1-A. Addi- 
tionally, one patient had positive cells for CA19-9. Both patients 
were strongly suspected to suffer from pancreatic cancer and 
were, therefore, treated by a partial duodenopancreatectomy 
(Whipple operation). The histological analysis could not con- 
firm this diagnosis and found a chronic pancreatitis. 

The peritoneal lavage samples of patients with no malig- 
nant diseases showed, in 40 of 43 cases, no positive reaction of 
the applied antibodies (C1P83, Ra96, CA19-9, 17-1-A, and 
C54-0). Two of the positive samples were derived from the 
same patients mentioned above who suffered from a chronic 
pancreatitis and showed C54-0- and ClP8-stained i.p. cells, 
respectively. A third patient with liver cirrhosis and a chronic 
hepatitis C was positive for the antibody C54-0. 

Pancreatic Cancer. Overall, minimal residual disease 
was detected in 42 of 80 (52%) patients; 24 of 62 (39%) had 
positive peritoneal cavities and 27 of 71 (38%) had positive 
bone marrow samples. The antibody CA19-9 showed the high- 
est detection rate in bone marrow samples (23%), followed by 
C1P83 (anti-CEA) and KL-1 (13 and 12%, respectively). In 
peritoneal cavity samples, C1P83 (31%) and Ra96 (20%) re- 
acted with the highest frequency. As shown previously (13), the 
combination of all antibodies clearly increased the detection rate 
in the bone marrow, peritoneal cavity, and combined evaluation 
(38, 39, and 52%, respectively). On average, we found 5 isolated 
tumor cells per peritoneal lavage sample (range, 1-95 cells) and 
3 isolated tumor cells in the bone marrow (range, 1-5 cells). 
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Fig. 1 Cytospins of a perito- 
neal lavage sample from a pan- 
creatic cancer patient (a) and of 
a bone marrow sample (b) 
stained with CA19-9 and KL-1, 
respectively (scale bar, 50 
jim). 




Fig. 1 shows typical positive results in a peritoneal lavage 
(Fig. \d) and a bone marrow sample (Fig. 16). In peritoneal 
cavity and bone marrow samples, the detection rate increased in 
parallel with the tumor stage. Interestingly, one of five (20%) 
patients with a stage II tumor showed positive cells within the 
peritoneal cavity, although the tumor had no direct access to the 
peritoneal cavity; three of eight (38%) presented tumor cells in 
the bone marrow: and in three of nine (33%), the tumor had 
spread in both compartments. 

A radical partial pancreatico-duodenectomy (Whipple pro- 
cedure) including extended lymphadenectomy was performed as 



an RO resection in 29 patients. In 6 patients, the histological 
evaluation revealed a Rl resection (microscopically remaining 
tumor); in 3 patients, a macroscopically incomplete tumor re- 
section was performed (R2 resection); and 42 patients received 
palliative surgery by abdominal exploration and bypass opera- 
tion {e.g.. gastroenterostomy and biliodigestive anastomosis). 

In RO-resected patients, minimal residual disease was detected 
in 29% of the peritoneal cavity and 21% of the bone marrow 
samples. In incomplete resected or palliative treated patients, the 
detection rate was significantly higher and showed tumor cell 
dissemination in 56% of the peritoneal cavity and in 48% of the 
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Table 1 Summary of pancreatic cancer patients (« = 80) who were included in the follow-up study 
Shown are the Union International Contre Cancer tumor stage; the number of patients with a "curative" operation (R0 resection), incomplete 
resection (R 1/2 resection), or palliative operation (OP): and the detection rate in the peritoneal cavity (pc). bone marrow (bm), or either compartment 
(pc and/or bm). : ' ' ' : ■ 



Stage 



1 

II 
III 
IVa 
IVb 



R0 resection 
(if = 29) 



3 
8 
13 

2 
3 



Rl/2 resection 
(/, - 9) 



Palliative OP 
(" = 42) 



Detection rate 



pc 



bm 



0 
0 
6 
3 
33 



0/2 (0%) 
1/5 (20%) 
3/13(23%) 
3/6 (50%) 
17/36(47%) 



0/3 (0%) 
3/8 (38%) 
7/16(44%) 
3/9 (33%) 
14/35 (40%) 



pc and/or bm 



0/3(0%) 
3/9(33%) 
9/19(47%) 
5/9 (56%) 
25/40(63%) 



Table 2 Summary of 53 patients in whom peritoneal lavage and 
bone marrow were investigated in parallel ("pairs") 
Comparison of tumor stage and number of patients (percentages in 
parentheses) with positive peritoneal cavity samples only (pc only), 
positive bone marrow samples only (bm only), patients with immuno- 
cytological findings in both compartments (pc and bm), and patients 







Detection rate 




Stage 


pc only 


bm only 


pc and bm 


pc and/or bm 


I (n = 2) 

II {n = 4) 

III {n = 10) 
IVa (n = 6) 

. IVb (n = 31) 


0(0%) 

0 (0%) 

1 (10%) 

2 (33%) 
9 (29%) 


0 (0%) 

1 (25%) 
4 (40%) 
1 (17%) 
7 (23%) 


0 (0%) 

1 (25%) 
1(10%) 
1 (17%) 
6(19%) 


0 (0%) 
2 (50%) 
6(60%) 
4 (66%) 
22(71%) '. 



bone marrow probes. Stage IVb patients (n = 36) suffered, in four 
cases, from a peritoneal carcinosis, which was in accordance with 
immunocytological positive results in two patients. 

Table 1 summarizes the tumor stages, types of resection, 
and immunocytological results. In 53 patients, peritoneal cavity 
and bone marrow samples were investigated in pairs. Both 
compartments were positive in nine patients (17%), including 
one patient with stage II, one patient with stage III, and seven 
patients with stage IV (Table 2) tumors. 

Follow-Up. The postoperative survival rate was deter- 
mined in 80 patients and correlated with the findings of 71 bone 
marrow, 62 peritoneal lavage samples, and 53 pairs (peritoneal 
lavage plus bone marrow). Due to the majority of patients who 
died within the first year, the median observation time was short 
(10.7 months; range, 2-61 months), with an overall 5-year 
survival rate of 1 4%. 

According to the Kaplan-Meier calculation, all patients 
with positive immunocytological findings in the peritoneal cav- 
ity and in the bone marrow died within 15 and 20 months, 
respectively. In contrast, 29% of the patients with negative 
findings (n =38) were supposed to survive at least 5 years. 

The log- rank test showed significance for the peritoneal 
cavity (P - 0.0035) and a statistical trend for bone marrow 
findings (P = 0.06). The calculation became highly significant 
(P < 0.0001) when the immunocytological results of all 80 
patients were correlated with the survival (minimal residual 
disease in either compartment; Fig. 2). 

Interestingly, the pair analysis of 53 patients showed that 
the survival rate of patients with tumor cell dissemination in 



both compartments (n — .9) was as bad as that in patients who 
suffered from isolated tumor cells in either the bone marrow 
(„ = 13) or the peritoneal cavity (w = 12; Fig. 3); The detection 
of micrometastatic single cells strongly coirelated in any group 
with a worse survival rate compared to patients who had no 
signs of dissemination (w = 19; P = 0.0012). However, the data 
also strongly indicate that the combined evaluation of bone; 
marrow and peritoneal cavity increases the number of positive 
patients. This is mainly due to a significant group of patients in 
whom only one compartment could be analyzed (Table 2). 

A prognostic value of immunocytologically detected tumor 
cells was also observed within patients who suffered from the 
same tumor stage. A significant correlation was found in stage 
III when minimal residual disease was detected either in the 
^peritoneal cavity or the bone marrow (P = 0.0216). It is re- 
markable that, in this advanced tumor stage, the 3-year survival 
rate in negative patients was 20%, whereas all positive patients 
except one died within 1 1 months. The evaluation of RO-re- 
sected stage III cases (n = 13) showed that three of four patients 
(75%) with positive findings in the peritoneal cavity or the bone 
marrow died within 1 year, compared to four of nine negative 
patients (44%). 

In stage IV, similar results were found: all positive patients 
died within 20 months, but 12% survived more than 3 years 
(P = 0.09; Fig. 4). This statistical trend became significant 
when only lavage samples were calculated (P = 0.0273). Due to 
the low number of cases with early stages I and II, a comparative 
statistical calculation of survival and immunocytology for these 
early stages was not possible. However, when patients with 
stage I and II were combined, one of three patients with positive 
immunocytology died within 1 year, in contrast to one of nine 
patients with negative staining, indicating that the detection of 
isolated tumor cells also serve as an prognostic factor in early 
cancer stages. 

Additionally, we were interested in the prognostic value of 
each antibody alone. A highly significant correlation with the 
survival and peritoneal cavity findings was found for C1P83 
(P < 0.0001). Prognostically relevant cells were also found with 
CA19-9 (P = 0.0224), Ra96 (P = 0.04), and 17-1 -A (P = 
0.0064). Only the antibody C54-0 did not show a significant 
correlation (P = 0.1242). 

In bone marrow samples, Ra96-positive patients had a 
significant worse prognosis (P = 0.0324). Although CA19-9 
showed a statistical trend (P = 0.1115), none of the other 



Clinical Cancer Research 597 



100 
80 
60 
40 
20 





Peritoneal cavity 




Ab-negative 


| Ab- positive 



10 



30 40 
Months 



B 





Bone marrow 




Ab-negative 


| Ab. positive 



30 40 
Months 



I 
> 



100 
80 





Both compartments 




Ab-negative 


| Ab-positive 



10 



30 40 
Months 



Fig. 2 Kaplan-Meier calculation for the cumulative 5-year survival of 
pancreatic cancer patients (n = 80) with antibody-positive (Ab-positive) 
versus antibody- negative (Ab-negative) samples. A, results of peritoneal 
lavage samples (Ab-positive, n = 24; Ab-negative, n = 38; P - 0.0035). 
B, the evaluation of bone marrow samples (Ab-positive, n = 27; Ab- 
negative, n = 44; P - 0.06). C, results of positive findings in at least 
one compartment (Ab-positive, n = 42; Ab-negative, n = 38; P < 
0.0001). 



antibodies could define a significant correlation of positive 
immunocytology and survival. 

DISCUSSION 

Immunocytological techniques have made it possible to 
detect disseminated tumor cells in the bone marrow of various 
cancer patients. Most studies have been performed with breast 
cancer patients using a specific antibody, for epithelial cells to 
detect a tumor cell spread in the bone marrow at the time of 
operation (23). A strong correlation between tumor cell detec- 
tion and survival could be seen, and hence, in these patients, the 
finding of isolated cancer cells may serve as a new prognostic 
marker (7). Further studies were published describing a similar 
approach to search for isolated tumor cells in the bone marrow 
of lung cancer (8), prostatic cancer (10), and neuroblastoma (9) 
patients. However, in contrast to the mentioned malignancies, 
bone metastases are a rare event in pancreatic cancer; the 
majority of the patients suffer from intraabdominal spread ( 1 5) 
and peritoneal carcinosis (24). 



Therefore, we investigated peritoneal cavity samples of pan- 
creatic cancer patients in addition to bone marrow aspirates by an 
immunocytological approach. Previously, we showed that our ap- 
proach allows a highly specific tumor cell detection in the bone 
marrow and in the peritoneal cavity (13). This finding was con- 
firmed in this study. The enlarged control group contained only two 
positive bone marrow and three positive peritoneal lavage samples. 
Two of these patients were treated by a Whipple resection due to . 
the strong suspicion of a pancreatic cancer. A third patient suffered 
from chronic hepatitis C and liver cirrhosis and showed lavage cells 
that were positive for C54-0. The chance of nonspecific mesothelial 
cell staining by antibodies directed against tumor-associated anti- 
gens has been described (25), but obviously, it is low with the 
applied antibody panel. Additionally, a further explanation for the 
detection of disseminated cells in the control group might be that 
those cells are "disseminated" benign cells. This theory receives 
some supporting evidence from PCR studies. It was found that 
normal liver cells were detectable in blood samples of patients who 
were surgically treated for benign liver disease (26). Using a CK20 
nested reverse transcription-PCR, which detects disseminated cpi?^:: 
thelial cancer cells with a high specificity in the bone marrow of 
colorectal cancer patients, we (27) found, in rare cases with non- 
malignant disease, disseminated epithelial cells in bone marrow 
and blood samples. Interestingly, one of the "control patients" with 
a CK20-positive bone marrow sample mentioned in that study is 
identical to one patient in our study who showed CA19-9-stained 
cells in the bone marrow. The finding of disseminated cells by two 
different approaches strongly suggests that no nonspecific cross- 
reaction with normal bone marrow cells occurred. 

However, in our study, the finding of disseminated cells 
without a proven malignancy was a rare event, and overall, this 
approach was defined to be highly specific for the detection of 
isolated tumor cells in pancreatic cancer patients. The specificity 
of the immunocytological results was supported by the obser- 
vation that, in most tumor patients, at least two different tumor- 
associated antigens were stained. 

Disseminated Uimor cells were i.p. found, even in the 20% 
of patients with an early tumor stage II in whom a direct tumor 
access to the peritoneal cavity could be excluded. Because 
studies in gastric cancer patients suggest those cells most likely 
reach the peritoneum by pores and lymph vessels and obviously 
become frequently detectable with high sensitive methods such 
as immunocytology (13, 28). By finding minimal residual dis- 
ease in peritoneal lavage and bone marrow samples even in 
early stages, our study give strong evidence that tumor cell 
spread is a general and an early feature of pancreatic cancer. 

Whether isolated disseminated tumor cells possess the abil- 
ity to form metastatic disease and are, therefore, of prognostic 
significance is still controversial. Immunocytological studies 
concerning the predictive value of isolated gastrointestinal tu- 
mor cells exist for gastric, colorectal, and esophageal cancer. All 
studies suggest isolated tumor cells to be a prognostic factor (16, 
29-31). Thus far, only one study investigated the prognostic 
value of epithelial cells in the bone marrow of pancreatic cancer, 
but the number of patients in that study was low, and therefore, 
the follow-up data were not conclusive (32). 

Our study is the first comprehensive analysis on pancreatic 
cancer patients. We clearly showed a prognostic dependence of the 
survival from minimal residual disease. In accordance to recent 
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Fig. 3 Correlation of the postoperative survival and immunocytologi- 
cal findings in patients who could be tested in both compartments. 
Shown are the Kaplan-Meier calculation for patients with no findings in 
both compartments {BM—/PL — , n = 19); findings in either the bone 
marrow (BM+/PL-, n = 13) or the peritoneal cavity (BM-/PL+, n = 
12); and patients who showed tumor cell dissemination in peritoneal 
lavage and bone marrow samples (BM+/PL+, n ' = 9; P = 0.0012). 



results in gastric and colorectal cancer (16), the predictive value of 
i.p. cells was superior to findings in the bone marrow. Interestingly, 
the pair analysis of 53 patients (Fig. 3) strongly indicates that the 
predictive value of i.p. isolated tumor cells is not improved by an 
additional finding of cells in the bone marrow. However, due to a 
significant number of patients (in our study, almost 20%) in whom 
a lavage could not be performed, the investigation of the bone 
marrow helped to increase the number of patients with a prognos-_ 
tically significant minimal residual disease. The higher prognostic 
value of i.p. rumor cells is not fully understood, but it may be that 
the contact of tumor cells with peritoneal cells support their ability 
to develop the full metastatic phenotype (e.g., by secreted growth 
factors). Gastrointestinal epithelial cells are displaced in the bone 
marrow and may be in the fct wrong" environment and, conse- 
quently, kept in a dormant state, as Pantel et al (33) suggested. 
Further studies will focus on the characterization of the isolated 
cancer cells to elucidate local factors that may be important in the 
progress of metastatic disease. 

The metastatic potential of isolated tumor cells and, 
thereby, their prognostic impact became even more evident 
when patients with the same tumor stage were compared. A 
Kaplan-Meier calculation was possible for stages III and IV. In 
both stages, a positive immunocytological result in lavage 
and/or bone marrow probes significantly correlated with the 
survival. It is remarkable that all positive patients in stage III 
and in stage IV died within 18 months, but even in stage IV, 
some negative patients survived at least 3 years. Furthermore, in 
stage III patients who received a curative R0 resection, three of 
four (75%) died within 1 year when minimal residual disease 
was detected. In contrast, only four of nine (44%) negative 
patients died within this period. 

Due to the low number of positive patients, in stage I and 
II, a Kaplan-Meier calculation was not performed, but the trend 
in these early tumor stages was similar to stage III and IV: one 
of three patients with positive findings died within 1 year. In 
contrast, one of nine patients in the negative group died during 
this period from tumor relapse (5 -year survival time, 70%; data 
not shown). 
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Fig. 4 Correlation of the postoperative survival and immunocytologi- 
cal findings in the peritoneal cavity and/or bone marrow of pancreatic 
cancer (stage III/1V). Patients with tumor stage III {Ab-positive, n = 9; 
Ab-negative, n = 10; P = 0.0216; A) and patients with stage IV 
{Ab-positive, n = 30; Ab-negative, n = 19; P = 0.0809; B) are shown. 
In stage IV, the statistical evaluation became significant, when only 
lavage results were evaluated (P = 0.0273; data not shown). 



By using a significantly higher sensitive technique, our 
study gives strong support to a recent cytological study that 
showed a worse prognosis of pancreatic cancer patients suffer- 
ing from an early i.p. dissemination (34) and can have direct 
clinical implications: patients who are immunocytologically 
tested negative might benefit from a more aggressive surgical 
approach, which* is currently not recommended in most stage III 
and IV patients. On the other hand, immunocytologically posi- 
tive tested patients, especially patients with tumor cells, have an 
extremely poor prognosis. A radical surgical approach with a 
risk of high morbidity seems to be legitimate only if, postoper- 
atively, an effective (and systemic) adjuvant therapy can be 
offered in the future. 

In summary, using an immunocytological approach, we 
demonstrated that minimal residual disease becomes frequently 
detectable in the peritoneal cavity and the bone marrow of 
pancreatic cancer patients. The occurrence of isolated tumor 
cells correlates with a poor prognosis and, thereby, serves as a 
new prognostic marker. This technique might be helpful in 
guiding surgical therapy and new adjuvant treatment concepts. 
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ABSTRACT 

Tumor progression after curative resection of colorec- 
tal cancer is caused by tumor cell dissemination, currently 
undetected by standard clinical staging techniques. The de- 
tection of disseminated tumor cells could help to identify a 
patient subgroup at risk for disease relapse who could ben- 
efit from adjuvant therapy. In addition, the significance of 
lymphogenic compared with hematogenic colorectal cancer 
cell dissemination is unknown. However, this knowledge 
would strongly influence the development of future thera- 
peutic regimes. The purpose of this study was to determine 
the extent of colorectal cancer cell dissemination in lymph 
nodes compared with blood and bone marrow. Using a CK 
20-reverse transcription (RT)-PCR assay, we examined 279 
lymph nodes, blood, and bone marrow samples from 20 
patients with colorectal cancer. Of 16 patients (11 patients 
stage I, 5 patients stage II) with histopathologically tumor- 
free lymph nodes: 14 patients (10 patients stage I, 4 patients 
stage II) were found to have tumor cells in paracolonic 
lymph nodes; 12 patients (8 patients stage I, 4 patients stage 
II) were found to have tumor cells in the lymph nodes along 
the mesentery vessels; and, remarkably, 6 patients (4 pa- 
tients stage I, 2 patients stage II) were found to have tumor 
cells in the apical lymph nodes. In contrast, tumor cells were 
detected in only two blood and three bone marrow samples 
of these patients. Thus, lymphogenic tumor cell dissemina- 
tion is a very common and early event in colorectal cancer, 
preceding hematogenic tumor cell dissemination. In addi- 
tion, our data strongly suggest that the detection of tumor 
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cells in the apical lymph node by CK 20-RT-PCR has prog- 
nostic relevance. Our results underline the therapeutic im- 
portance of meticulous lymph node dissection and demon- 
strate that the detection of lymphogenic or hematogenic 
tumor cell dissemination by CK 20-RT-PCR will signifi- 
cantly improve current tumor staging protocols. 

INTRODUCTION 

Patients with colorectal cancer initially presenting with 
resectable tumors and tiimor^free lymph nodes (UICC 2 stage 1 
or II) are generally considered as patients at low risk for recur- 
rence. Therefore, adjuvant, iherapy is not recommended in these 
cases. Despite the low tumor stage, about 30-40% of these 
patients subsequently develop recurrent disease : (!). These, find- 
ings indicate that hematogenic or lymphogenic dissemination of 
metastatic tumor cells, not detectable by conventional staging 
techniques, must have occurred in some of these patients. De^ 
tection of disseminated tumor cells in patients with colorectal 
qancer UICC stage I or II may identify high-risk patients for 
tumor recurrence, who could benefit from adjuvant therapy 
regimens. The comparative analysis of lymph nodes, blood, and 
bone marrow may define the relative incidence of hematogenic 
versus lymphogenic tumor cell dissemination in colorectal can- 
cer. This data could help to optimize strategies for the treatment 
of colorectal cancer, for example, by defining the relative im- 
portance of surgical lymphadenectomy versus systemic adjuvant 
therapy. 

Immunocytological methods have been applied to detect 
hematogenic tumor cell dissemination (2). Tumor cell detection 
was clearly related to an earlier relapse and decreased survival 
of the respective patients. RT-PCR-based protocols have further 
improved the sensitivity and specificity of detection systems for 
disseminated cancer cells in blood and bone marrow (3-9). 

The second route of tumor cell dissemination is via the 
lymphatic system (10). Because the routine histopathological 
methods of lymph node examination show limited sensitivity, 
several techniques have been smdied in an attempt to increase 
the detection of occult lymph node micrometastases, including 
serial sectioning of lymph nodes (11), immunohistology (12- 
17), and, finally, PCR-based techniques (18-26). These studies, 
however, revealed contradictory results regarding the incidence 
of occult lymph node micrometastases and their prognostic 
significance. 

Thus, the extent and prognostic significance of lympho- 
genic tumor cell dissemination in colorectal cancer has still not 
been sufficiently defined. In addition, the relative significance 
of lymphogenic versus hematogenic tumor cell dissemination is 



2 The abbreviations used are: UICC, International Union Against Can- 
cer; RT-PCR, reverse transcription-PCR; GAPDH, glyceraldehyde 
phosphate dehydrogenase; CEA. carcinoembryonic antigen. 
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still a matter of debate (27). The purpose of the present study 
was to determine the extent of dissemination of colorectal 
cancer cells in lymph nodes and to correlate these results with 
the detection of disseminated tumor cells in bone marrow and 
blood samples of the same patients. 

PATIENTS AND METHODS 

Lymph Node and Tumor Sampling. Lymph nodes 
were freshly harvested from the resected specimen. Initially, the 
mesentery was separated from the gut to prevent any cross- 
contamination with CK 20 positive cells. Then the lymph nodes 
were dissected from the mesentery. The location of the lymph 
nodes was recorded [apical lymph node, lymph node at the 
central lymphovascular ligation, lymph nodes at the main vessel 
(for example, inferior mesenteric artery), and paracolonic lymph 
nodes]. The lymph nodes were then halved; one-half was used 
for conventional histopathology, and the other half was shock- 
frozen in liquid nitrogen and stored at -70°C. From the fresh 
resection specimen, a tumor sample was excised and shock- 
frozen. Before RNA extraction, frozen tissue sections of tumors 
and lymph nodes were performed. From each lymph node half, 
20 representative sections with a diameter of 20 u.m were used 
for RNA extraction. 

Blood and Bone Marrow Samples. After the induction 
of general anesthesia, 1 0-ml blood samples were obtained pre- 
operatively through a central-venous catheter in the vena cava 
superior and were diluted with 10 ml of PBS. Bone marrow 
samples (10-ml) were obtained concurrently by aspiration from 
bom* iliac crests. After density centrifugatiori "through Ficoll- 
Paque (Pharmacia; 30 min, 400 X g) mononuclear cells were 
harvested from the interphase and washed twice in PBS. The 
cell pellet was then shock-frozen in liquid nitrogen and stored at 
-70°C. 

RNA Extraction. RNA extraction from peripheral 
mononuclear blood cells and from bone marrow samples and 
frozen tissue sections of tumors and lymph nodes was per- 
formed as described previously (9). 

RT-PCR. CK 20-RT-PCR was performed as described 
previously (9). PCR products were analyzed by electrophoresis 
on 2% agarose gels. CK 20-PCR products were blotted onto 
nylon membranes (Hybond N+, Amersham Life Science, 
Buckinghamshire, United Kingdom) and hybridized with a che- 
moluminescence- labeled oligonucleotide probe (ECL detection 
system, Amersham Life Science) comprising nucleotides 5269- 
5280 on exon 1 and nucleotides 7429-7448 on exon 2 of the CK 
20 sequence (CTG CGA AGT CAG ATT AAG GAT G) as 
recommended by the supplier. 

RNA quality and performance of reverse transcription of 
all of the analyzed samples was confirmed by RT-PCR ampli- 
fication of GAPDH transcripts as described previously (28). 

Patients. Informed consent was obtained from all of the 
patients. The study protocol was approved by the Ethics Com- 
mittee of the University of Heidelberg. 

Twenty patients treated at the Department of Surgery, 
University of Heidelberg (13 male, 7 female; ages 48-86, mean 
66.4) were included. All of the patients had histologically con- 
finned colorectal adenocarcinoma (9 rectal carcinoma, 1 1 colon 
carcinoma) undergoing curative (R0) resection according to the 



"no-touch isolation" technique (29) with systematic lymph node 
dissection. Tumor stage and grading were classified according 
to the 5th edition of the TNM classification of the UICC (30). 

Paracolonic lymph nodes from 22 patients undergoing 
colorectal resection for benign diseases (sigmoid diverticulosis, 
Crohn's disease and ulcerative colitis) served as controls. 

RESULTS 

Specificity of CK 20-RT-PCR 

Paracolonic lymph node samples (n — 22) from 22 patients 
undergoing colorectal resection for benign disease were exam- 
ined for expression of CK 20. None of these samples revealed a 
detectable CK 20-RT-PCR amplification product. All of the 
lymph nodes showed a positive GAPDH amplification signal, 
which confirmed the quality of the RNA and the adequate 
performance of reverse transcription. The 20 analyzed primary . 
tumor samples all tested positive for CK 20 mRNA expression. 
Specificity of CK 20-RT-PCR for tumor cell detection in blood 
and bone marrow has been demonstrated previously (7, 9). 

Patient Study 

Detection of Disseminated Tumor Cells in Lymph Node 
Samples of Patients with Colorectal Carcinoma. In a pro- 
spective study, we analyzed 279 lymph nodes from 20 patients 
with colorectal cancer (mean, 13.95 lymph nodes per patient) 
histopathologically and by CK 20-RT-PCR. Of the 279 exam- 
ined lymph nodes, 10 were positive by histopathological exam- 
ination; all of these also revealed a positive CK 20 signal. Using 
the RT-PCR, 1 37 (50:9%) of the 269 histopathologicaliy-tumor^ 
free lymph nodes revealed CK 20 amplification products. 

Four of the 20 patients had positive lymph nodes on routine 
histopathological examination (stage III), and 16 patients had 
negative lymph nodes (1 1 patients stage I, 5 patients stage II). 
CK 20-RT-PCR revealed one or more positive lymph nodes in 
14 of the 16 patients [UICC stage I or II (10 of 11 patients stage 
1; 4 of 5 patients stage II; Table 1; Fig. 13. The results were 
stratified according to lymph node location [apical lymph node, 
lymph nodes along the main vessel (for example, inferior mes- 
enteric artery), and paracolonic lymph nodes). In the patients 
with UICC stage I or II tumors, the apical lymph node revealed 
a positive CK 20 signal in 6 (37.5%) of 16 patients (4 of 11 
patients stage I, 2 of 5 patients stage II), the lymph nodes at the 
main vessel in 12 (75%) of 16 patients (8 of 1 1 patients stage I, 
4 of 5 patients stage II), and the paracolonic lymph nodes in 14 
(87.5%) of 16 patients (10 of 1 1 patients stage I, 4 of 5 patients 
stage II; Tables 1 and 2). All of the six patients with positive 
apical lymph node also revealed positive lymph nodes along the 
main vessel and in the paracolonic tissue. All of the six patients 
with a negative central lymph node but positive lymph nodes 
along the main vessel also had positive paracolonic lymph 
nodes. 

Comparative Analysis of Tumor Detection Rates in 
Lymph Nodes, Venous Blood, and Bone Marrow Samples. 

Bone marrow samples from 16 patients and preoperative blood 
samples from 20 patients were analyzed in addition to the lymph 
nodes. In patients at UICC stage I or II, 3 (21.4%) of 14 bone 
marrow samples and 2 (12.5%) of 16 blood samples revealed a 
CK 20 amplification product (Table 2). 
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Table I 



Results of the detection of tumor cells in lymph nodes by c onventional histopathology compared to CK 20-RT-PCR 

Location of CK 20-posi live nodes 
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Fig. 1 Results from a patient 
with rectal carcinoma pT 3 pN 0 . 
Left, surgical specimen with the 
location of tumor and lymph 
nodes; right, CK 20-RT-PCR 
amplification products of re- 
sected lymph nodes. Tu y tumor, 
M, molecular weight marker; +, 
positive control (tumor). 



DISCUSSION 

Although most patients with colorectal cancer are poten- 
tially curable by surgery at presentation, one-half of them will 
eventually die of the disease. This tumor progression could 
result from isolated disseminated tumor cells — in lymph nodes, 
blood, or bone marrow — that are not detected by current staging 
methods. The objective of adjuvant therapy is to eradicate viable 
disseminated tumor cells, thereby decreasing disease relapse and 



improving patient survival (31). Candidates for postoperative 
adjuvant therapy are patients at high risk for disease relapse, as 
judged by current clinical and pathological staging. In the group 
of patients without distant metastases, lymph node metastases 
are the most important prognostic factor (10). Consequently, 
adjuvant chemotherapy is recommended for patients with pos- 
itive lymph nodes (UICC stage III; Ref. 32). For patients with 
colon cancer UICC stage I or II, adjuvant chemotherapy did not 
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Table 2 Results of the comparative analysis of lymph nodes, blood, and bone marrow samples in patients UICC stage I and II by 
' CK 20-RT-PCR 
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° Pos, positive; Neg, negative; n.o., not obtained. 



achieve a survival benefit, and, thus, adjuvant therapy is not 
recommended in these stages (32). Although considered at low 
risk, 30-40% of patients with colorectal cancer UICC stage I 
and II ultimately develop recurrent disease (1). It is in. this 
patient group that prognostic markers may identify a patient 
subgroup at high risk for disease relapse who may also benefit 
from adjuvant therapy, especially because antitumor agents with 
a low systemic toxicity (for example, monoclonal antibodies) 
that have also been proven to be effective against dormant tumor 
cells are now available (33). Because tumor relapse is presum- 
ably caused by hematogenic or lymphogenic disseminated tu- 
mor cells, the detection of these disseminated tumor cells may 
identify patients who could benefit from adjuvant therapy. 

Focusing on hematogenic tumor cell dissemination, Linde- 
mann et al (2), using immunocytological methods, detected 
disseminated colorectal cancer cells in bone marrow aspirates in 
32% of patients. Tumor cell detection was clearly related to an 
earlier relapse and decreased survival of the respective patients. 
RT-PCR-based protocols have further improved the sensitivity 
and specificity of. detection systems for disseminated cancer 
cells, allowing the identification of approximately one neoplas- 
tic cell in 10 7 normal peripheral mononuclear blood cells (3). 
CK 20 transcripts appear to be good targets for the detection of 
disseminated colorectal cancer cells because they are expressed 
in gastrointestinal epithelia, urothelium, or Merkel cells and in 
their respective tumors but not in other nontransformed tissues 
(4, 5). Burchill et al. (6) described a CK 20-RT-PCR system for 
the detection of malignant colonic epithelia in blood and bone 
marrow samples. Soeth et al (7, 8) used a CK 20-RT-PCR assay 
to detect disseminated cancer cells in bone marrow aspirates and 
blood samples of gastrointestinal cancer patients. Using a mod- 
ified CK 20-RT-PCR assay, we were able to detect circulating 



tumor cells in 24 of 58 patients with colorectal cancer in 
correlation to the tumor stage and in 6 of 7 patients who 
underwent hemihepatectomy for liver metastasis of colorectal 
cancer (9). We were also able to demonstrate significant intra- 
operative tumor-cell dissemination in these patients (9). 

Because lymph node involvement has proven to be one of 
the most important prognostic factors for colon cancer patients 
(10), lymphogenic dissemination of tumor cells is likely to be at 
least as important as hematogenic cancer cell spread. The rou- 
tine histopathological methods of lymph node examination 
show limited sensitivity because clinical pathologists investigate 
only one or two sections of each lymph node. In addition, the 
detection of small clusters of tumor cells is difficult. In about 
one- fifth of the cases primarily diagnosed as lymph-node neg- 
ative, metastasis can be detected on reexamination by serial 
sectioning of the lymph nodes (11). Goldenberg et al. (12) 
introduced immunohistochemistry for the detection of tumor 
cells in lymph nodes that were previously considered free of 
disease by the standard H&E staining technique. Using immu- 
nohistochemistry, tumor cells were detected in about 3.6-6.1% 
of histopathologically negative lymph nodes (13-16). Of the 
reexamined patients, 25-36% had to be restaged from UICC 
stage I-1I to UICC stage 111. Using the combination of immu- 
nohistochemistry and the fat clearance technique, which allows 
the detection of more lymph nodes in a surgical specimen, even 
55% of the reexamined patients had to be restaged upward (17). 
Because of the contradictory results in the published studies, 
however, the prognostic significance of immunohistochemically 
detected lymph node micrometastases remains controversial 
(13-16). 

In an effort to further increase the sensitivity and specific- 
ity of tumor cell detection in lymph nodes, genetic methods 
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were applied. These methods have the advantage of a higher 
sensitivity and the possibility of examining not only single 
sections but multiple sections of a lymph node in a single 
examination. Using the mutant allele-specific amplification 
method, Hayashi et al. (18) were able to detect tumor cells of 
gastrointestinal carcinomas with mutant k-ras or p53 genes in 
lymph nodes. However, this method is restricted to tumors with 
known k-ras or p53 mutations. In addition, positive PCR results 
may originate from fragments of free tumor DNA rather than 
from viable rumor ceils (19). 

Mori et ai (20) and Liefers et al. (2 1 ) used CEA transcripts 
as targets for detection of micrometastasis in lymph nodes. 
However, the sensitivity of the used assay had to be reduced to 
avoid false-positive results. In the study performed by Liefers et 
al: (21), the detection of disseminated tumor cells was associ- 
ated with an unfavorable prognosis, which suggests that micro- 
involvement of local lymph nodes is indeed associated with 
increased relapse rates. However, several arguments have been 
raised against this study: (a) only seven lymph nodes per patient 
were investigated; (b) too few negative control samples were 
included (34); and (c) the sensitivity of the CEA-RT-PCR assay 
has not been appropriately addressed (35). In addition, concerns 
about the specificity of the marker (CEA) used for the detection 
of the cancer cells have again been put forward (36) because 
CEA transcripts are also detectable in normal lymph nodes of 
patients who are not suffering from colorectal cancer (37). 

Other investigators used RT-PCR amplification of CK 20 
(22, 23), matrilysin (24), or CD 44 (25) mRNAs for the same 
purpose. Tumor cells were detected in lymph nodes of 1 6-57% 
of patients with histopathologically negative lymph nodes. Re- 
cently, Futamura et al. (26) reported the detection of microme- 
tastases by the combination of CEA-RT-PCR and CK 20-RT- 
PCR in the lymph nodes of 13 of 13 examined colorectal cancer 
patients at UICC stage I or II. Because only 30-40% of patients 
with colorectal cancer UICC stage I and II develop recurrent 
disease, this high detection rate raises doubts concerning the 
prognostic relevance of these findings. 

In this study, we investigated the rate of tumor cell dis- 
semination in the lymph nodes, blood, and bone marrow of 20 
patients with colorectal carcinomas using a CK 20-RT-PCR 
assay. 

The sensitivity of the system was evaluated in previous 
studies (9) and reproducibly allowed the detection of approxi- 
mately 10 tumor cells in 10 ml of blood. Specificity is a major 
concern in RT-PCR systems used for the detection of dissemi- 
nated tumor cells (3). CEA-RT-PCR, for example, is known to 
yield false-positive results in normal lymph nodes (20 ? 21, 26). 
Specificity of the used CK 20-RT-PCR was ensured by the 
measures discussed previously (9). Lymph nodes of 22 healthy 
patients undergoing surgery for nonneoplastic colorectal disease 
consistently tested negative with the established CK 20-RT- 
PCR. These results demonstrate that normal lymph nodes do not 
contain CK 20-expressing cells. Even in patients with inflam- 
matory bowel disease, nonneoplastic colon cells do not reach the 
first local lymph node station. Thus, false-positive results due to 
the migration of normal colon epithelia are unlikely. There is 
also concern that DNA-based methods for tumor cell detection 
may detect free tumor DNA rather than viable tumor cells (19). 
thereby reducing the specificity of the method. Because free 



mRNA is extremely unstable, tumor cells detected by RT-PCR 
are highly likely to be viable. 

Isolated disseminated tumor cells were detected by CK 
20-RT-PCR in lymph nodes in 14 of 16 patients UICC stage I 
and II, In previously published RT-PCR-studies, tumor cells 
were detected in lymph nodes of 16-5.7% of tested patients 
(20-25). Given the higher sensitivity of RT-PCR in relation to 
immunohistochemistry, these published detection rates are sur- 
prisingly low compared with the immunohistochemical data 
revealing positive lymph nodes in 25- 55% of patients. This 
could be due to the low sensitivity of the hitherto tested RT-PCR 
assays (1 tumor cell in 1 X 10 4 to 5 X 10 5 peripheral mono- 
nuclear cells) because single and nonnested PCR-systems were 
used (22-25). The higher detection rate in our study is presum- 
ably the result of the higher sensitivity (1 tumor cell in 10 7 
peripheral mononuclear cells) of the nested CK 20-RT-PCR. 
Using a combination of a nested CK 20-RT-PCR and CEA-RT- 
PCR, Futamura et al. (26) recently reported tumor cell detection 
in lymph nodes of all Of the 13 examined patients UICC stage I 
or II. 

In our study, tumor cells were detected in the lymph nodes 
of 87.5% of patients UICC stage I and II, and in the study of 
Futamura et ai (26) they were detected in 100% of patients 
UICC stage I and IL These detection rates are much higher than 
the known tumor recurrence rate in these stages. Thus, the 
detection of tumor cells in surgically removed lymph nodes by 
CK 20-RT-PCR cannot be a prognostic marker per se. Because 
it is well known that the prognosis of patients with histopatho- 
logically tumor-infiltrated apical lymph nodes is worse than the 
prognosis of patients with negative apical lymph nodes (38- 
44), we stratified the results of the 16 patients UICC stage I and 
II according to lymph node position: (a) in 8 (50%) of the 16 
patients, tumor cells were detected only in lymph nodes along 
the main vessel and paracolonic lymph nodes without infiltra- 
tion of the apical lymph node; (b) in 2 (12.5%) of the 16 
patients, tumor cells were detected only in paracolonic lymph 
nodes. Because all of these lymph nodes were surgically re- 
moved by lymphadenectomy, they may be of no further prog- 
nostic significance; (c) in 6 (37.5%) of the 16 patients, however, 
tumor cells were also detected in the apical lymph node. Be- 
cause 30-40% of patients UICC stage I and II will develop 
recurrent disease, it could be hypothesized that the detection of 
tumor cells in the apical lymph node by CK 20-RT-PCR indi- 
cates tumor cell dissemination beyond the margin of surgical 
lymphadenectomy. These patients may have a worse prognosis 
and could benefit from adjuvant therapeutic regimes. This hy- 
pothesis remains to be confirmed by a follow-up of our patient 
cohort. 

The evaluation of the relative importance of lymphogenic 
versus hematogenic tumor cell dissemination in colorectal can- 
cer could provide important data for additional therapeutic strat- 
egies. For example, extended surgical lymphadenectomy could 
be useless in the presence of multiple tumor cells in blood and 
bone marrow. Clinical studies that address the relative impor- 
tance of lymphogenic versus systemic tumor dissemination, 
however, are rare (27). We compared lymphogenic and hemato- 
genic tumor cell dissemination in patients with colorectal cancer 
by examining lymph nodes, blood, and bone marrow from each 
patient. Tumor cells were only detected in 12.5% of blood and 
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21.4% of bone marrow samples from patients UICC stage I or 
II. Thus, lymphogenic tumor cell dissemination seems to be 
much more common than detectable hematogenic tumor cell 
spread in early colorectal cancer. These results are strong argu- 
ments for the importance of meticulous lymph node dissection, 
especially in patients with colorectal cancer in early tumor 
stages without systemic hematogenic micrometastasis. Ade- 
quate surgical lymphadenectomy may, therefore, be the most 
important factor to prevent recurrent disease in early colorectal 
cancer by resection of all of the potentially involved lymphatic 
tissue with the elimination of all of the lymphogenic dissemi- 
nated tumor cells. 

We conclude that the CK 20-RT-PCR is a sensitive and 
specific tool for the detection of lymphogenic and hematogenic 
dissemination of colorectal carcinoma. The long-term follow-up 
of our patients will provide data on the prognostic relevance of 
isolated disseminated tumor cells in the lymph nodes, blood, and 
bone marrow of patierts with colorectal cancer and may lead to 
new concepts for adjuvant therapy. 
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Frequent loss of heterozygosity of microsatellites markers on specific chromosomal region have been reported in various 
types of primary human cancer. The same loss of heterozygosity has also been identified in the matched plasma/serum DNA. 
Using 109 microsatellite markers representing 24 chromosomal arms, we have examined the loss of heterozygosity in 21 cases 
of hepatocellular carcinoma, six of cholangiocarcinoma, and 27 cases of chronic hepatitis or cirrhosis. Ail cases of the 
hepatocellular carcinoma showed deletion from two to 10 chromosomal arms, while deletion of chromosomes from two to 
eight regions was detected in five of six cholangiocarcinoma patients. One or more loss of heterozygosity in the paired serum 
DNA could be detected in 16 of 25 (76.2%) hepatocellular carcinoma patients, in contrast no alterations in serum DNA test 
could be found in cholangiocarcinoma patients. Five of seven (7 1.4%) hepatocellular carcinoma patients with aJpha-fetoprotein 
levels less than 20 ng ml -1 produced positive serum DNA test The profiles of 19 microsatellite markers gave a 100% 
positive predictive value and an 80.8% negative predictive value for hepatocellular carcinoma. In conclusion, we have 
determined a profile of microsatellite markers appropriate for differential diagnosis of primary liver cancer. The discovery may 
permit a high-throughput screening of hepatocellular carcinoma at an early stage of disease. 
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lary liver cancer ranks fifth in frequency among" all malignan- 
in the world with an estimated number of 437 000 new cases 
990. The vast majority of primary liver cancer is hepatocellular 
inoma (HCC),' a malignant tumour derived from hepatocytes. 
Z is increasing in many countries, particularly in areas where 
ititis C virus infection is more common than hepatitis B virus 
:tion (El-Serag and Mason, 1999). The cholangiocarcinoma 
), an intrahepatic malignant tumour which arises in the epithe- 
\ of the bile ducts, is the second common hepatic tumour. Its 
trrence is largely high in areas where liver fluke infestation or 
ihepatic stones is endemic, such as Hong Kong, Thailand 
Taiwan (Okuda et «/, 1977). 

he prognosis of HCC or CC is usually poor, with 3 -year survi- 
rates estimated at 44.9% and 34% after hepatic resection, 
ectively (Okuda et al, 1977). In patients with symptomatic 
2, the tumours are usually either too large and/or with local 
sion or distant metastasis. Therefore, only 10-20% of patients 
d be treated with potentially curative therapy, while the 
aining patients can only receive non-surgical therapy, such as 
anscatheter arterial embolisation or other local ablation treat- 
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ments with a less satisfactory outcome. The patients with CC 
often present with obstructive jaundice at the stage of advanced 
stage. Currendy, resection offers the only chance of cure and the 
best chance of long-term survival. 

In order to improve the chances of successful treatment and 
patient survival, great effort has been devoted to detect HCC in 
the early stage when it is 'small', for example smaller than 3 cm, 
and where liver function reserve is good enough for curative ther- 
apy. Measurement of serum a- fetoprotein (AFP) and hepatic 
ultrasonography are widely used as surveillance modalities for 
high-risk patients. Elevated levels of AFP, with normal range set 
at 20 ng ml~\ are detected in up to 75% of HCC patients, and 
values above 400 ngml -1 are considered diagnostic for HCC 
(Ebara et ah 1986). However, 35% of HCC smaller than 3 cm 
may secrete little or no AFP into the circulation and thus will 
not be identified by this test (Ebara et aU 1986). As a result, 
measurement of AFP alone is not an ideal test for early diagnosis 
of HCC. 

Recent advances in tumour genetics reveal that the genesis and 
progression of tumours follow an accumulation of multiple genet- 
ic alterations, including inactivation of tumour suppressor genes 
and/or activation of proto-oncogenes. Frequent loss of heterozyg- 
osity (LOH) of microsatellites markers on specific chromosomal 
region have been reported in various types of human cancer. In 
addition, nucleic acid-based molecular techniques have success- 
fully identified the same LOH in the paired plasma/serum DNA 
from patients with diverse types of epithelial cancer, such as lung 
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Zhen et al, 1996; Sozzi et al, 1999, 2001), head and neck (Coulet 
al, 2000; Nunes et al, 2001), colon (Hibi et al, 1998), breast 
Zhen et al, 1999; Silva et al, 1999), kidney (Goessl et al, 1998; 
isenberger et al, 1999). The results indicate that microsatellite 
NA analysis may have potential as a non-invasive test for cancer 
iagnosis. In this pilot study, we have searched for the genetic 
terations, using a total of 109 microsatellite markers representing 
} chromosomal regions, in the serum DNA of patients with 
rimary liver cancer, i.e. HCC (;i=21) and CC (n=6). The results 
iggest that microsatellite serum DNA analysis may be a valuable, 
Dn-invasive method for the early detection of primary liver 
incer. 

IATERIALS AND METHODS 

ample collection and DNA preparation 

rimary tumour from 21 cases of HCC and six cases of CC 
ere collected from the Department of Surgery, National Cheng 
ung University Hospital, Tainan, Taiwan between September 
?98 and March 2000 (Tables 1 and 2). The tumour tissue 
as . obtained immediately after surgical resection and stored 
— 80°C, and then microdissected as described in detail 
reviously (Eisenberger et al, 1999). We also enrolled 27 
atients (age- and sex-matched) with a biopsy diagnosis ~ of" 
ironic hepatitis (n=20) or cirrhosis (n=7) as controls. Both 
eripheral blood lymphocytes and serum samples were obtained 
ith written informed consent. Briefly, DNA was extracted from 
eripheral blood lymphocytes, tumour and matched serum 
imples by digestion with 1% SDS/proteinase K (BD Biosciences 
lontech, CA, USA) overnight followed by phenol-chloroform 
ctraction and ethanol precipitation. Each tumour was reviewed 
>r histologic grading according to the Edmondson classification 
1958). Clinical staging was determined according to the 
imour-node-metastasis staging protocol of the American Joint 
ommittee on Cancer (1997) with surveys of the clinical details, 
nage studies, and pathologic data. The clinical characteristics, 
icluding AFP, hepatitis B surface antigen (HBsAg) and hepati- 
s C virus antibody (anti-HCV), were obtained from medical 
rcords. 



Analysis for allelic loss 

Microsatellite markers from selected chromosomal arms for PCR 
analysis were obtained from Research Genetics (Huntsville, AL, 
USA). The marker pairs selected for HCC (74 markers from 17 
chromosomal arms) included lp (D1S160, D1S163, D1S170, 
D1S186, MYCL), 3p (D3S1317), 4p (D4S394), 4q (D4S398, 
D4S395, D4S392, D4S422, FGA, FABP2, D4S427, D4S415, 
D4S1615, D4S1554, D4S1426, D4S1598, D4S620, D4S1566, 
D4S1545, D4S2920, D4S2943, D4S2954), 5q (D5S409), 6q 
(D6S264), 8p (D8S261, D8S277), 8q (D8S85, D8S200, D8S555, 
D8S283), 9p (D9S169, D9S1747, D9S104), lOq (D10S109), lip 
(D11S554, D11S436, D11S1344, D11S932, D11S1324), llq 
(D11S938, D11S29), 12p (D12S93), 13q (D13S171, D13S153, 
Rbl, D13S133, D13S227, D13S159, D13S166, D13S168), 14q 
(D14S72, D14S51), 16p (D16S419, D16S409, D16S3106, 
D16S498), 16q (D16S415, D16S408, D16S512, D16S289, 
D16S402, D16S516, D16S422, D16S413), and 17p (D17S520, 
D17S1176, TP53, D17S513, D17S578, D17S796, D17S849) based 
on previous reports (Yeh et al, 1996; Nagai et al, 1997; Piao et 
al, 1998; Fujii et al, 2000; Okabe et al, 2000; Yeh et ah 2001). 
The marker pairs selected for CC (35 markers from 16 chromoso- 
mal arms) included 2p (BAT-26), 3p (D3S3667, D3S1578, 
D3S3582, D3S3560, D3S1581, D3S3729, D3S1588, D3S3648), 4 
(D4S415, D4S413), 5q (D5S323, D5S417), 6p (D6S263), 6q 
(D6S292), 7q (D7S495, D7S486), 9p (D9S747, D9S171), lip 
(D11S907, D11S569), 14q (D14S1436), 16q (D16S3094, D16S511, 



Table 2 Clinical characteristics of patients with cholangiocancinoma 







Size 




Stage 


Deleted 


No. 


Age/Sex 


(cm) 


Grade 


(AjCC) 


chromosomes 


22 


62/F 


1.2. 


III 


III 


4q. I4q 


23 


75/M 


5.0 




III 


3p, 4q, 8p. 9p. I3q, I4q, I6q t I7p 


24 


60/M 


3.5 


1 


III 


No deletions 


25 


46/M 


3.3 


II 


III 


3p. 4q, 9p, 1 6p. 1 7p 


26 


53/M 


3.0 


III 


III 


8p, 9p. I6q. I7p 


27 


71/F 


2.0 


II 


II 


Hp. I7p 



able I Clinical characteristics of patients with hepatocellular carcinoma 







Size 




Stage 


HBsAg/ 




AFP 


Positive markers 


lo. 


Age/Sex 


(cm) 


Grade 


(AJCC) 


anti-HCV 


Deleted chromosomes 


(ng ml"') 


in serum DNA 




40/M 


3.6 


11 


III 


+/- 


3p. 4q, 8p. 1 6p. 1 6q. 1 7p, 18 


3200 


None detected 




55/F 


2.5 


1 


II 


+/- 


lp, 3p, 9p, I3q, I7p 


I8 a 


DISI70 




62/F 


4.2 


II 


II 


+/- 


lp. 3p. 8q. 9p. I4q, I6p. I6q. I7p 


I5.7 a 


DISI60, DI4S5I, DI6S40Z DI6S422 




47/M 


1.5 


II 




+/ND b 


3p, 4q, 8q, 9p, 1 3q. 1 4q, 1 6q, 1 7p 


230 


D9SI7I, DI6S289 




45/M 


13.5 


II 


IV 


+/- 


1 p. 4q. 5q. 8p, 8q. 9p, 1 3q. 1 4q. 1 6q. 1 7p 


4450 


QISI63. D5S409 




31/F 


10.0 


1 


III 


+/- 


lp, 4q, 8p, 9p, I3q, I4q, I6p. I6q. I7p 


44180 


D9S747 




44/M 


4.0 


11 


II 


+/- 


9p f I4q. I6q. 


17190 


DI6S498 




48/M 


14.0 


IV 


IV 


-/- 


lp, 8q, I3q, I4q, I6q 


165000 


DISI63. D8S555 




51/M 


4.0 


III 


II 


+/- 


lp, JOq, I4q, I6q, I7p 


6.9 a 


OISI63 


) 


40/M 


4.5 


II 


II 


. -/+ 


lp. 4q lOq, I3q. I4q 


1.4 s 


DISI70 


1 


64/M 


3.5 


III 


II 


-/+ 


lp,4q, 8p. I3q, I6p, I6q. I7p 


2560 


DI3S227 


I 


66/M 


5.0 


II 


II 


-/+ 


1 p. 3p. 4q, 5q, 8p. 8q, lip 


998.2 


DISI70. Dl ISI344 




71/M 


10.0 


III 


IV 


+/- 


lp, 4q, 5q. 8p, 9p. I3q. I4q. I6q. I7p 


642.3 


D9SI7I 




65/F 


2.2 


II 


II 


-/+ 


4q. I6q 


127 


D4SI545 


3 


41/M 


1.8 


II 


II 


+/ND b 


4q, 8p. lip, 1 6q 


435 


None detected 


3 


50/M 


20.0 


1 


II 


ND b 


5q, 7q, 8q, 1 6p. 1 6q, 1 7p 


3452 


D5S409. D7S495. D8S200 


7 


61/M 


4.0 


1 


II 


+/+ 


3p. lOq 


5.8 a 


None detected 




44/M 


14.0 


II 


II 


+/ND b 


1 p, 8p. 1 6p 


I5.2 a 


None detected 


) 


56/M 


2.2 


IV 


111 


-/+ 


4q. 8p, 9p. 1 3q. 1 7p 


215.8 


04SI54S 


) 


60/M 


2.5 




II 


ND b 


1 p. 4q, 5q, 8p. 1 3q 


232 


None detected 




65/F 


1.3 


1 


1 


-/+ 


9p, 1 6p. 1 6q, 1 7p 


I3 a 


DI6S402. DI6S5I6. OI6S4I9 



sfP lower than 20 ng ml" '. b ND=None detected. 
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,S534, D16S520), 17 (D17S695), 18q (D18S67, D18S51, 
5S535), 20 (D20S85), 21q (D21S1245; D21S1436, D21S1270), 

Xp (DXS538) (Ding et al, 1993; Fujii et al, 2000). All of the 
tours, irrespective of histopathology, were analysed for a total 
09 microsatellite markers (74 markers for HCC and 35 markers 
CC) to confirm the. specificity of chromosomal alterations as 

as their presence in the serum as tumour markers, 
'rior to amplification, one primer from each pair was end- 
riled with [y- 32 P] ATP (20 /iCi; Amersham Pharmacia Biotech 
,. NJ, USA) and T4 kinase (New England Biolabs Inc., MA, 
\) (Eisenberger et al, 1999). The amplification conditions for 
/-merase chain reaction (PCR) were 1 x buffer (GibcoBRL, 

USA), 1.5 mM MgCl 2 , 0.6 mM dNTP, 5 pmol of each primer, 
fi\ y- ?2 P-labelled primer, 4 /il DNA, and 0.1 p\ of Taq DNA 
ymerase (GibcoBRL, NY, USA) in a total of 10 p). PCR for each 
ner set was performed for 35 cycles consisting of denatu ration 
5°C for 30 s, annealing at 50-60°C for 1 min, and extension at 
Z for 1 min (Perkin : Elmer Gene Amp PCR System 9600, 
dn-Elmer Corporation, MA, USA). The reaction products were 
irated on 7% urea- formamide-polyacrylamide gels (GibcoBRL, 

USA) and exposed for 12-24 h. For informative tumours, 
3 was scored if the tumour allele demonstrated a greater than 
b reduction in intensity compared to the corresponding normal 
trol visually as previously described (Figure 1) (Eisenberger et 
1999). Each LOH was confirmed- by-two^ in dependent experi- 
lts. Allelic loss was determined by observation of LOH at any 
•rmative marker mapped to the same chromosomal region, 
n, LOH analysis was performed on matched serum samples. 

tistical analysis 

lie status was correlated with clinical and pathologic factors of 
C, such as histological grading, disease stage, tumour size, 
im AFP levels, portal vein thrombosis and satellite nodule 
nation by Fisher's exact test. To* evaluate the diagnostic accu- 
'.in the microsatellite analysis, we considered four events: (A) 
itive test: presence of LOH in the primary tumour and in the 
ched serum DNA (true positive); (B) positive test: absence of 
rl in tumour but presence of LOH in patient serum (false posi- 
); (C) negative test: presence of LOH in tumour but absence in 
ed serum samples (false negative); and (D) negative test: 
;nce of LOH either in tumour or in paired serum samples (true 
ative). Decision diagnostic criteria were obtained from the 
ilts A, B, C, and D. Test sensitivity is equal to A/A+C Test 
rificity is equal to D/D+B. Test accuracy is equal to: A+D/ 
3+C+D. Predictive positive result or positivity prediction is 
al to A/A+B. Predictive negative result or negativity prediction 
qual to D/D+C. 



D1S163 



N T S 



T 

D4S1545 



NTS 

Z S~5* 



D16S402 



D9S171 



jre I LOH was scored for if the tumour allele (T) had a greater than 
. reduction in intensity compared to the corresponding allele in the nor- 
control (N). Identical loss, highlighted by arrowhead, was also demon - 
:ed in the matched serum (S). 



RESULTS 

All of the HCC cases showed deletion from two. to 10 chromoso- 
mal arms (Table 1). The highest incidence was 16q (66.7%), 
followed by lp (57.1%), 4q (57,1%), 8p (52.4%), 17p (52.4%), ', . 
13q (47.6%), 14q (42.9%), 9p (33.3%), 16p (33.3%), 3p (28.6%), 
8q (28.6%), 5q (23.8%), lOq (14.3), lip (9.5%), 18 (4.8%), and 
7q (4.8%), respectively. The allelic losses were compared with 
biologic indicators of HCC, such as histological grading, tumour 
stage, size, and AFP serum levels (Table 1). A positive correlation 
was observed for 4q with AFP greater than 20 ng ml" 1 (Pt=0.02), 
and 13q with satellite lesion (P=0.04) (data not shown). There 
was a trend toward positive association of 8p or 13q loss with 
advanced tumour staging (P==0.06), and 8p loss with AFP greater 
than 20 ng ml _J (P=0.06). LOH on 14q and 16q occurred more 
frequently in hepatitis C virus-negative patients. (P< 0:05, respec- 
tively). Otherwise, patterns of allelic loss did ; not relate to 
histological grading or tumour size (P>0.1, respectively). In addi- 
tion, novel alleles indicative of microsatellite instability were found 
in three patients (cases 2, 3 and 7, respectively) at chromosome 2, 
13 and 16, respectively (data not shown). 

As for tumour diagnosis, a total of 16 of 21 (76.2%) HCC 
patients were found to have LOH in serum DNA from one to four 
microsatellite markers (Table 1). The presence of LOH in the 
serum DNA did not relate to histological grading, staging or " 
tumour size (P> 0. 1 , respectively). If the cut-off values were set 
at AFP 400ngml~ 1 , negative serum LOH test was observed in 
two of 10 (20%) patients with abnormal AFP level (cases 1 and 
15), and in three of 11 (27.3%) patients having AFP level within 
. normal limits (case 17, 18 and 20). In contrast, five of seven 
(71.4%) patients (cases 2, 3, 9, 10 and 21) having AFP less than 
20 ng ml -1 had positive LOH test. The results imply that microsa- 
tellite DNA analysis may have potential as a nbn-inyasive 
diagnostic test for the early detection of HCC especially for those 
who having AFP" below reference range. However, none of three 
cases showing microsatellite instability iri primary tumours had 
the same alterations detected in the serum DNA (data not shown) 

With regard to cholangiocarcinoma, five of six patients belong 
to advanced stage of tumour (Table 2). Deletion of chromosome 
was detected from two to eight regions in five of six patients. 
But, no any alterations in serum DNA test could be found, despite 
of the fact that some common allelic losses were observed between 
HCC and CC. The results seem to imply a limited potential of the 
microsatellite analysis in diagnosing of CC. 

Altogether, the data of this pilot study indicate that microsatel- 
lite analysis of serum DNA could successfully detect around three- 
quarters (76.2%) of HCC by screening the following profile of 
microsateUite markers, i.e. D1S160, D1S163, D1S170, D4S1545, 
D5S409, D7S495, D8S200, D8S555, D9S171, D9S747, D11S1344, 
D13S227, D14S51, D16S289, D16S402, £>16S419, D16S422, 
D16S498, D16S516. The positive predictive value was 100%, and 
negative predictive value was 80.8%. 

DISCUSSION 

Currently, only ultrasound -guided needle biopsy yields diagnostic 
material and allows a definitive differential diagnosis between 
HCC and CC (Tsuji et al, 1999). Measurement of serum AFP 
and hepatic ultrasonography are widely used as surveillance modal- 
ities for patients with high-risk of liver cancer. In patients with 
HCC, however, around one-third of small tumour (<3 cm) was 
shown to secrete little or no AFP into the circulatory system (Ebara 
et al, 1986). As a result, it is mandatory to explore supplementary 
tumour marker for early detection of HCC. 

In this study, we detected one or more LOH in the serum DNA 
in three-quarters of HCC patients. The results are comparable to 
some prior reports showing microsatellite alterations in the plas- 
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a/serum from cancer patients (Chen et al, 1996, 1999; Goessl et 
, 1998; Hibi et al, 1998; Eisenberger et al, 1999; Silva et al, 
►99; Sozzi et al, 1999, 2001; Coulet et al, 2000; Nunes et al, 
)01). However, the sensitivity of microsatellite DNA test greatly 
:pends on the kind of cancer studied. For example, the detection 
te was 71% for small cell carcinoma of the lung (Chen et al, 
>96), from 60 to 63% for renal cell carcinoma (Goessl et al, 
>98; Eisenberger et al, 1999), between 48 and 66% for breast 
ncer (Chen et ah 1999; Silva et al, 1999), from .40 to . 45% for 
>n-small cell lung cancer- (Sozzi et al, 1999, 2001), between less 
an 2 and 18.7% for head and neck cancer (Coulet et al, 2000; 
unes et al, 2001) using a. set of primer pairs. 

In contrast, the lack of tumour-specific LOH in the serum of CC 
itients appears to correspond to the observation reported for 
»lon cancer (0%) (Hibi et al, 1998), though these patients may 
ill have very low levels of tumour-derived DNA. Nonetheless, 
e difference appears to support the propensity of HGC to spread 
- vascular system (portal vein and hepatic vein), whereas peri- 
oral invasion and lymphatic involvement are frequently present 

CC at an early stage (Sasaki et al, 2001). Taken together, the 
ita support the detection of circulating tumour-derived DNA as 
supplementary tumour marker in the differential diagnosis of 
•imary liver cancer. 

Of particular interest, LOH in the serum DNA could be detected 
. five of seven HCC patients with serum AFP less than 
Ingml" 1 , the normal range for the healthy adults. Previous 
udy found that approximately one third of small HCC (less than 
cm) may secrete little or no AFP into the circulation (Ebara et al, 
>86). Our data imply that the limitation of low specificity of AFP 

diagnosing small HCC might be compensated by microsatellite 
lalysis on cell-free DNA in cancer patients. It will be especially 
iluable in patients with poor liver function or ascites, in which 



further diagnostic investigation is prohibited. A prospective study 
is required to validate the importance of this molecular technique 
in the multimodality therapy for HGC. 

We showed that the detection of HCC (71.4% sensitivity and 
100% specificity) is feasible by screening the serum samples with, 
a profile of 19 microsatellite markers. However, a recent study 
reported that around 50% of the cirrhotic nodules are monoclonal 
and already have chromosomal aberrations (Yen et al, 2001). 
Whether the aberrations are also present in the serum DNA is 
currently unknown. Wang et al (2000) reported ,87% of sensitivity 
in detection of pl5/pl6 methylation in the circulating DNA of 
HCC patients. Although the results seem to be better than we have 
in monitoring the profile of microsatellite markers, bom the ability 
of differential diagnosis of HCC from CC and their value in 
patients having AFP below reference range were not examined. 
As a result, the impact of these observations in the development 
of HCC and/or cell type-specific genetic markers needs to be clar- 
ified in a large cohort of liver disease patients. . 

In conclusion, we have determined a profile of molecular 
markers appropriate for differential diagnosis of primary liver 
cancer in the serum. The discovery may permit a high- throughput 
screening of hepatocellular carcinoma at an early, arid potentially' 
resectable, stage of disease. 
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Molecular detection of tumour DNA in serum and 
peritoneal fluid from ovarian cancer patients 

KP HickeyYKP Boyle 2 , HM Jepps 2 , AC Andrew 2 , EJ Buxton 1 and PA Burns 2 

'Department of Gynaecological Oncology, Leeds General Infirmary, Leeds LSI 3 EX. UK; department of Pathological Sciences, Algernon Firth Building, 
University of Leeds; Leeds LS2 9JT, : UK 

Summary We have analysed DNA extracted from the serum and peritoneal fluid of 20 ovarian cancer patients for the presence. of tumour- 
specific genetic alterations. The 20 patients included six with stage la disease. Using six polymorphic microsateilite loci we were able to detect 
novel alleles or loss of heterozygosity in 17/20 serum samples and 12/19 peritoneal fluid samples. Tumour-specific abnormalities were 
detected in the serum of all but one of the stage la cases. Half -of. the occurrences of loss of heterozygosity identified in primary . tumour 
material were detectable in the serum samples. Novel alleles indicative of microsateilite instability were found in 3/6 patients with stage la 
disease but in only 1/14 of patients with more advanced disease. One of the eight patients in the control group displayed abnormalities in her 
serum DNA. The ease with which tumour-specific alterations were detected in seruir; and peritoneal samples from ovarian cancer patients, 
using a panel of only six polymorphic microsateilite markers on four chromosomes, suggests that molecular detection methods could prove 
useful, in .the staging, monitoring and screening of this disease.; • - : . 

Keywords: ovarian cancer; molecular detection; microsateilite instability; serum • V . 



Ovarian cancer is the leading cause of death from gynaecological 
malignancy in the UK, with over 4000 women dying annually. The 
high mortality is attributable to the lack of effective screening 
strategies and the fact that early-stage disease remains clinically 
silent. Most patients present with advanced disease, for which the 
long-term survival remains <30%. However, if early stage disease 
could be detected the 5-year survival could rise to 80-95% (Berek, 
1994). Current ovarian cancer screening methods using serum 
tumour markers and ultrasound/Doppler techniques lack the speci- 
ficity to achieve this goal at present. 

Nucleic acid-based molecular detection methods have been 
used to demonstrate the presence of tumour cells in samples of 
stool (Sidransky et al, 1992), urine (Mao et al, 1996), sputum 
(Mao et al, 1994) and blood (Smith et al, 1991). In addition, the 
same approaches have confirmed the presence of free circulating 
tumour DNA in the serum of patients with epithelial tumours of 
the lung (Chen et al, 1996), head and neck (Nawroz et al, 1996) 
and colon (Hibi et al, 1998). The majority of these studies have 
demonstrated clear clonality between the genetic alterations 
observed in test samples and the corresponding primary tumour 
material. The types of alteration recorded have included specific 
gene mutations, loss of heterozygosity (LOH) and microsateilite 
instability (MI). 

Only 5-10% of ovarian carcinomas appear to involve a familial 
predisposition. The two major syndromes involved are the familial 
breast and ovarian cancer syndrome, associated with inherited 
mutations in the BRCA1 gene, and the Lynch II syndrome 
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(HNPCC), associated with inherited defects in the DNA mismatch 
repair system. Abnormalities associated with sporadic forms of the 
disease include mutations in k-ras and p53 genes, arid changes in 
expression of HER-2 (Gal lion et al, 1995). Allelotyping studies 
have identified common sites of LOH on chromosomes 5q, 6q, 
lip, 13q, 14q, 15q, 18q, Xp (Cliby et al, 1993; Osborne and 
Leech, 1994), and particularly on chromosome 7q (Zenklusen 
et al, 1995), 9q (Schultz ef al, 1995) and 17p (Phillips et al, 1993). 
The occurrence of novel alleles at microsateilite loci, due to either 
a replication error phenotype (RER + ) resulting from defective 
mismatch repair or general genetic instability, has been described 
in 1 7-37% of ovarian tumours (Fujita et al, 1995; King et al, 1995; 
Sood and Bullet, 1996). However, MI may occur in up to 75% of 
stage I ovarian tumours, and 7 1% of uncommon histopathological 
types such as endometrioid or mixed serous and mucinous 
tumours (King et al, 1995). 

We obtained serum and peritoneal fluid from 20 women with 
epithelial ovarian carcinoma, and used a panel of six polymorphic 
microsateilite markers to detect LOH or novel alleles in the DNA 
extracted from the samples. The same analysis was carried out on 
tumour tissue microdissected from paraffin sections of the primary 
tumour from each case. The aim of this study was to establish 
whether tumour-specific biomarkers could be detected in the 
serum and peritoneal fluid of ovarian cancer patients, particularly 
those with early-stage disease. 

MATERIALS AND METHODS 

Sample collection 

Samples were collected from 20 women undergoing laparotomy 
for ovarian cancer, and eight women with benign or physiological 
cysts. None of the women were known to carry a familial 
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■redisposition for ovarian cancer, although one woman had a first- 
legree relative with breast cancer. The cancer cases included six 
tage.Ia and 14 stage II-IV. cases.. In.all six_of the stage la cases 
otal abdominal hysterectomy, bilateral salpingo-oopherectomy, 
•mentectomy and peritoneal washings for cytology were taken, 
vhile ipsilateral pelvic node resection and para-aortic node 
ampling was carried out in three of the six. The pathological 
taging, serum CA 1 25 and cytology results are shown in Table 1 . 

)NA extraction 

formal DNA 

en millilitres of blood were taken into heparinized tubes, and 1 
nl was used for extraction of white blood cell DNA using Nucleon 
Scotlab). 

Serum DNA 

en millilitres of blood was taken, allowed to clot and then 
entrifuged at 1300 g. The serum supernatant was frozen at -80°C 
n aliquots and DNA was extracted from 400 ul using DNAzol 
Gibco BRL). 

Peritoneal fluid DNA 

KX laparotomy, 20 ml of ascitic fluid or pelvic peritoneal washings 
vere taken, of which 10 ml were sent for routine cytological 
nalysis, and the other 1 0 ml for molecular analysis. The latter 
amples were centrifuged at 1 300 g to pellet any cells, which were 
vashed twice in phosphate-buffered saline (PBS). The cells were 
rozen at -80°C in tissue culture-freezing medium (2.75 ml 
)ulbecccrs modified Eagle's medium, 1 .25 ml fetal calf serum, 
ml dimethyl sulphoxide (DMSO)) in 1 ml aliquots. Cells were 
pun out of thawed aliquots and washed twice with 5 ml PBS to 
emove DMSO. Epithelial cells were then harvested by immuno- 
lagnetic separation using Dynabeads coated with the epithelial 



specific antibody Ber EP4 (Dynal UK). DNA was extracted from 
the cells using Dynabeads DNA Direct (Dynal UK). A peritoneal 
fluid sample from patient 065 was unavailable for molecular 
analysis. 

Tumour DNA 

Areas of tumour tissue were microdissected from ten paraffin 
sections of primary tumours and DNA extracted using Nucleon 
(Scotlab). The precipitated DNA was resuspended in 50 \x\ of 
water. 

Cyst wall DNA 

For cases of benign and physiological cyst, areas corresponding to 
the cyst wall were microdissected and processed in the same way 
as the tumour DNA. 

Microsatellite analysis 

Polymerase chain reaction (PCR) amplification was carried out 
using oligonucleotide ampiimers specific for six polymorphic 
DNA microsatellite loci: 

DPI (D5S346) on 5q (Spirio et al, 1993) 

486 (D7S486) on 7q (Gyapay et al, 1994) 

522 (D7S522) on 7q (Gyapay et al, 1994) 

Dl 1 (Dl 1S904) on 1 lp (Gyapay et al, 1994) 

p53V (intronl in p53) on 17p (Cawkwell et al, 1994) 

BRC A 1 (D 1 7S855) on 1 7q (Gap et at, 1 995). 

The chosen markers map to regions which commonly display 
LOH in ovarian carcinomas. One amplimer from each pair was 
fluorescently labelled using the dye-amidite method (Cawkwell 
et al, 1994). 

The PCR reactions were set up in 25 jxl of 1 x Super Toq 
Reaction Buffer (HT Biotechnology Ltd) containing 200 |xm 
dNTPs, 12.5 pmol of each amplimer, 1 .5-6.0 mM magnesium 
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Figure 1 Electropherograms of microsatellite instability (MI) or loss of heterozygosity (LOH) in three ovarian cancer patients. Fluorescently labelled PCR 
products were run on an ABI 373A DNA Sequencer. The fluorescent signals were converted into electropherograms by Genescan Software. Length of product 
in base pairs is indicated on the X-axis and an arbitrary measurement of peak height, proportional to signal intensity, on the Y-axis. (A) Ml at p53V locus seen In 
patient 4224; (B) LOH at the D7S486 locus seen in patient 165; (C) LOH at the D5S346 (DP1) locus seen in patient 4571. N, normal DNA; T, tumour DNA; S. 
serum DNA; P, peritoneal fluid DNA f 



^filbri(ie~(optimi2eHT6r eacffpair of ampli mefs)7and~l~jll"6f DNA. 
After denaturing at 95°C for 3 min and a pause at 80°C to add 
0.5 U ofSuperTaq polymerase (HT Biotechnology Ltd), the DNA 
was amplified using a programme of 92°C for 30 s, 56°C for 
1 min, 72°C for 30 s, for a total of 35 cycles. The amplification 
products were visualized by agarose gel electrophoresis to esti- 
mate yield, electrophoresed on an ABI 37 3 A DNA Sequencer 
(Applied Biosystems), and analysed using Genescan Analysis 

.Software (Applied Biosystems), which determines the size of 
the PCR products and the amount of fluorescent signal. Suitable 
dilutions of PCR products were run to ensure that band intensities 
fell within the linear portion of the fluorescence detection range 
(500-4000). 

Optimizing template DNA for PCR 

We found that significantly different allele ratios could be obtained 
in our PCR reactions with different amounts of starting template 
DNA. It is difficult to accurately quantify the amount of DNA 
actually available for PCR amplification in a small sample. It was 
therefore essential to use different dilutions of normal control 
DNA (down to 1 x 10"*) and choose the dilution which produced a 
comparable yield, as estimated by agarose gel electrophoresis, to 
that of the tumour/senini/peri ton eal fluid samples as the control 
lane for Genescan analysis. 

LOH and Ml 

The use of Genescan software and multiple PCR runs allowed us 
to accurately measure alterations in allele ratios. LOH was defined 



as a >20%~shift in ailele ratios (see below), as calculated using the 
equation T^T/N,:!^ (where T,:T 2 is the ratio of the two tumour 
alleles and N,:N 2 is the ratio of the corresponding normal alleles). 
Novel alleles were defined as one or more novel peaks consistent 
in size with expansion or contraction of the microsatellite repeat 
and distinct from PCR stutter products. All LOHs or Mis were 
confirmed by multiple independent PCR amplifications. 

RESULTS 

Defining parameters for LOH 

An important consideration in studies which look for LOH in 
tumour DNA is deciding what constitutes a significant shift in 
allele ratio at heterozygous loci. The use of Genescan Analysis 
software allowed us to accurately compare allele ratios from 
tumour, peritoneal fluid and serum DNA samples, with those 
obtained from normal DNA. Analysis of over 250 of these 
comparisons revealed a clear bimodal distribution, with 99% of 
values falling between 0 and 80% or 85 and 100% (data not 
shown), with a striking gap between 80 and 85%. On this basis we 
assumed that an allele ratio shift of 0-15% represented normal 
variation in the amplification of alleles present in equimolar 
amounts in normal diploid DNA, whereas a shift of >20% repre- 
sented a notable deviation from a balanced allele ratio. For the 
purposes of this study we therefore chose a >20% shift as the 
criteria for defining LOH in our samples. However, most allelo- 
typing studies using microdissected paraffin-embedded tumour 
material tend to use a >50% shift to define LOH. We therefore also 
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ible 2 Results of Genescan analysis of PCR products from 20 ovarian 
incer patients analysed for LOH or.microsatellite instability at six 
icro satellite loci 
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- heterozygosity retained; • - loss of heterozygosity; Ml - microsatellite 
stability; x - non-informative; NP - no product was obtained from repeated 
ZR amplifications. *No peritoneal fluid sample was available for molecular 
lalysis from this patient. Per ; fluid, peritoneal fluid 



analysed our results using a >50% shift in allele ratio as the criteria 
for LOH (see below). 

LOH and Ml in primary tumour 

All of the primary tumours displayed at least one genetic alteration 
. (Figure I A~C), with the exception of patients 577, 0776 and 3944 
(Table I). LOH was detected at 39/80 (49%) informative markers, 
and was twice as common in stage I I-IV (33/58, 57%) as in stage 
la tumours (6/22; 27%). LOH occurred most frequently at BRC A I 
oh chromosome I7q (63%), DPI on 5q (56%) and Oil on lip 
(53%) (Table 2). ; . 

Novel alleles were observed in the primary mmours of 3/6 stage 
la patients (3775, 4244, 065), but only in 1/14 patients (042) with ' 
more advanced disease (Tables 1 and 2) In the case ."of patients 
3775 (novel alleles at 5/6 loci) and. 4224 (2/6) this may be 
evidence of an RER + phenotype associated with mismatch repair 
deficiency. . . / 

LOH and Ml in serum DNA 

Genetic alterations were detected in 17/20 serum DNA samples, 
including 5/6 of the samples from patients with stage la disease 
(Table 1). LOH was harder to detect in serum (27/83 or 33% of 
markers) than in the primary tumours (49%) Qf the 27 cases of 
LOH detected in serum, 19 (73%) were observed in the corre- 
sponding primary tumour (Figure 1 B,C) and eight were specific to 
the serum DNA (Table 2). Thus 19/39 (49%) examples of LOH 
found in primary tumours were detectable in serum DNA. 

..Novel alleles were harder to detect in serum DNA than in 
primary tumour DNA (Table 1). Of the nine examples found in 
primary tumours, four were detected in the corresponding serum 
samples (Table 2 and Figure 1A). The three patients with novel 
alleles in their serum DNA all had stage la disease (Table 1). 

LOH and Ml in peritoneal fluid DNA 

Only 12 of the 19 DNA samples extracted from peritoneal fluid 
exhibited genetic alterations, and only 18/78 (23%) heterozygous 
markers displayed LOH compared to 33% in the serum samples 
and 49% in the primary tumours (Table 1). However, 17 of the 18 
examples of LOH in the peritoneal fluid samples were also found 
in the corresponding primary tumour (Figure 1B,C), indicating a 
higher degree of clonality than was seen with the serum samples 
(Table 2). 

Novel alleles were detected in peritoneal fluid DNA from two 
of the stage la patients, all of which had been observed in the 
primary tumour and serum from the same patients (Table 2 and 
Figure 1A). By definition, these two patients had negative peri- 
toneal fluid cytology. 

Reanalysis of results using >50% in allele ratios 

Out of 84 examples of LOH featured in Table 1, 60 displayed 
>50% shift in allele ratio. Of the remaining 24, which showed a 
20-50% shift, 19 coincided with the finding of a >50% shift in 
another sample from the same patient. For example, the serum 
sample from patient 4571 showed a 30% reduction in the shorter 
allele at marker DPI (Figure 1C), -whereas the tumour and peri- 
toneal fluid samples showed almost complete loss. These observa- 
tions of significant (P< 0.001) clonal similarity support our initial 
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assumption that a >20% shift represents a genuine case of LOH. 
However, taking a >50% shift as the criteria for LOH we would 
still have detected rumour-specific alterations in 5/6 serum 
samples from stage la patients but only 7/14 stage II— IV patients. 
In the case of peritoneal fluid we would still have detected alter- 
ations in 2/5 stage la samples, and 8/14 stage II-IV samples 
(reduced from 10/14). 

LOH and Ml in control cases 

DNA was extracted from serum, peritoneal fluid and paraffin- 
embedded cyst wall samples from four patients with benign muci- 
nous cystadenoma of the ovary and four with physiological 
ovarian corpus luteal cysts, as controls to evaluate the level of false 
positive results using this approach. The three samples from each 
of eight patients were analysed for alterations at all six loci by 
comparison with normal DNA extracted from white blood cells. 
Out of a total matrix of 144 genetic analyses, only two displayed 
genetic abnormalities; an Ml at p53 and an LOH at 522, in the 
serum, of a patient with a physiological cyst (results not shown). 

DISCUSSION 

~We~wefe-able to detect genetic alterations in the free circulating 
DNA extracted from the serum of 17/20 (85%) patients with 
ovarian carcinoma, using a panel of six microsatellite loci. In addi- 
tion, exfoliated cells from 12/19 (63%) peritoneal fluid samples 
were found to contain tumour-specific alterations. For such a 
limited panel of genetic markers this represents a relatively high 
degree of sensitivity. Given that all tumour cell populations will 
contain genetic alterations of some description it should be 
possible to approach 100% sensitivity using an optimized panel of 
genetic markers. 

Significantly, it was possible to detect tumour-specific genetic 
markers in serum samples from five out of six patients with stage 
la disease. This suggests that detectable amounts of DNA are 
released into the blood from rumours confined to one ovary. 
Previous studies have shown that tumour DNA can be detected in 
the serum of patients with advanced head and neck (Nawroz et al, 
1996), lung (Chen et al, 1996) and colon cancer (Hibi et al, 1998). 
Our results clearly demonstrate that the earliest defined stage of 
ovarian carcinoma is detectable using this approach. 

Surprisingly, one of the control patients with a physiological 
cyst had two genetic alterations in her serum DNA which were not 
present in her peritoneal fluid or ovarian tissue. Although there 
was nothing in this patient's clinical findings to suggest malig- 
nancy, it is feasible that she may have had an occult neoplasm. 
Genetic alterations of this type should be highly specific for 
tumour cell populations. If the possibility of PCR artefacts are 
eliminated, molecular detection techniques used for screening 
purposes should theoretically approach 100% specificity. 

It is not possible to identify the precise biological or physical 
pathways through which DNA from mmour cells can enter the 
blood. Tumour cell death can occur through apoptosis, senescence, 
necrosis or immunosurveillance, any of which could theoretically 
result in tumour DNA entering the blood stream. The relative 
contribution of these processes will vary from tumour to mmour. 
depending on the phenotype of the cells. For example, it has been 
suggested that the MI/RER* genotype may make cells more 
immunogenic, due to accumulation of amino acid alterations in 
cell antigens, and therefore better targets for immunosurveillance 
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(Bicknell et al, 1 996). This could explain the improved prognosis 
for colorectal cancer patients with this genotype (Lothe et al, 1 993; 
Lukish et al, 1998). In the case of stage la ovarian carcinomas, 
which are by definition confined to one ovary, DNA is probably 
released directly into the blood stream. With more advanced 
disease, exfoliated cells in the peritoneal cavity could provide 
another route of entry of DNA into the blood stream via the 
lymphatic system. 

Our snidy demonstrates a strong degree of clonal ity between 
serum, exfoliated peritoneal cells and primary tumour DNA. 
Nineteen of 26 and 17/18 alterations seen in the serum and peri- 
toneal fluid, respectively, were also seen in the corresponding 
primary tumour (Figure 1 A-C). However, similar studies in head 
and neck, lung and colon rumours show almost exclusive clonality 
(Chen et al, 1996; Nawroz et al, 1996; Hibi et al, 1998). In our 
study we analysed DNA from a single primary tumour block, 
usually one showing a preponderance of tumour tissue. Our results 
would suggest that in 27% of cases the tumour DNA in the serum 
originates from a subpopulation of cells not significantly repre- 
sented in the sample microdissected from the primary tumour 
paraffin block. Such discrepancies may result from tumour hetero- 
geneity and limitations in primary tumour sampling. Another 
possibility is that clonal subpopulations of cells carrying specific 
changes may undergo preferential cell death and hence be rela- 
tively underrepresented in primary ovarian rumours but enriched 
for in serum DNA. Previous studies on clonality of ovarian 
tumours have not addressed genetic heterogeneity within primary 
tumours. 

We find a higher frequency of novel alleles in patients with 
stage la ovarian tumours (3/6) than with stage II-IV (1/14) 
(Table 1). This is in agreement with an earlier study by King et al 
(1 995) who reported that 75% of stage 1 tumours had MI compared 
to 11% of stage II-IV tumours. In addition, LOH is less apparent 
in patients with stage la tumours (27%) compared to stage II-IV 
(57%). This suggests that stage la ovarian rumours are more likely 
to have an RER + phenotype than more advanced tumours. Studies 
on colorectal carcinoma show that patients with RER* tumours 
have a better prognosis, because of reduced survival for cells with 
MI (Lothe et al, 1993; Lukish et al, 1998). In an analogous way the 
presence of DNA carrying novel alleles in serum may indicate 
higher levels of tumour cell death and signal a better prognosis for 
stage la ovarian cancer patients. 

Two patients with stage la disease (3775 and 4224) could tech- 
nically be upstaged to stage Ic as a result of tumour DNA being 
detected in their peritoneal fluid. These patients had been diag- 
nosed as stage la on the basis of a negative peritoneal fluid 
cytology result and confinement of disease to one ovary 
histopathologically. Accurate staging has a significant bearing not 
only on prognosis, but also on the possible use of adjuvant 
chemotherapy in this patient subgroup. In the case of head and 
neck cancer, a prospective multicentre trial is currently underway 
in the USA to evaluate the efficacy of molecular staging and its 
impact on surgical practice (Caldas, 1 997). To our knowledge, this 
is the first report of the possible molecular staging of ovarian 
cancer. 

At present, population -based screening for epithelial ovarian 
cancer is not feasible due to the relatively low prevalence (15/ 
100 000), the lack of specificity of available screening techniques, 
the absence of a definitive precursor lesion, and the inability to 
determine a lag time for the development of widespread disease. 
Advances in transvaginal sonography and colour Doppler imaging 
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'an Nagell et aL 1995), as well as the use of serial CA125 
leasurements (Skates et al, 199.5) and complimentary serum 
tarkers such as OVX1 (Woolas et al, 1993), have improved early 
imour detection. However, the efficacy of periodic screening of 
/en high-risk patients has not been clearly established 
)roegemueller, 1994). As molecular detection of tumour DNA in 
:rum or peritoneal fluid seems possible even in stage la disease, 
lis technique may hold considerable promise as a secondary 
xeening tool after initial tumour marker or ultrasound abnormal- 
ies have suggested ovarian pathology. In terms of disease moni- 
»ring it will be interesting to observe if and when tumour DNA in 
te serum of these patients disappears after treatment, and to what 
(tent its reappearance in serum predates clinical and biochemical 
/idence of recurrence. 
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ABSTRACT 

Purpose: We evaluated whether dose-intensive or high- 
_ dose chemotherapy can eliminate micrometastases in high- 
risk breast cancer patients. 

Experimental Design: We monitored cytokeratin (CK)/ 
17-1 A positive cells in the bone marrow (BM) and periph- 
eral blood stem cells (PBSC) and studied Her-2/neu serum 
levels of patients with locally advanced (n = 13; group 1) 
and metastatic breast cancer (n == 30; group 2) using im- 
munomagnetic separation, immunocytochemistry, and 
ELISA. 

Results: CK+ cells were found in the BM of 3 of 13 
(23%) group 1 patients before but not after chemotherapy, 
resulting in an overall survival (OS) of 92% after a median 
follow-up of 33 months. Contamination of PBSC in 2 of 9 
(22%) patients was not associated with decreased survival. 
In group 2 patients, the CK+ rate was 60% (18 of 30 
patients) before and 40% (4 of 10 patients) after therapy 
with an OS rate of 43% after 29 months. PBSC samples 
were positive in 7 of 24 (29%) patients. CK+ BM and PBSC 
led to a rapid progress and short OS, whereas tumor cell- 
free BM and PBSC resulted in a mean OS of 30 months. The 
antigen 17-1A was detected on most CK+ cells in both 
patient groups before therapy, on all of CK+ PBSC, and on 
CK+ cells in group 2 patients after therapy. Increased 
Her-2/neu levels were found in group 2 patients before 
chemotherapy. 

Conclusion: Micrometastatic cells are present in PBSC 
grafts and can survive even high-dose chemotherapy. The 
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presence of immunotherapeutic target antigens supports the 
idea that a combined chemoimmunotherapy might be suc- 
cessful in eliminating minimal residual disease. 

INTRODUCTION 

The usefulness of HD 3 chemotherapy with autologous stem 
cell support has been under evaluation in several treatment trials 
of patients with locally advanced or metastatic breast cancer, 
and the final results of ongoing trials have to be awaited (1-4). 
In most treatment regimens, PBSCs are mobilized by conven- 
tional-dose chemotherapy plus granulocyte colony-stimuiatihg" 
factors (5, 6) These new strategies for cancer therapy have 
evoked a need for the detection of tumor cell contamination of 
blood or BM missed by conventional tumor staging procedures, 
because a significant correlation between tumor cell detection in 
BM and poor prognosis factors as well as decreased disease- free 
and overall survival have already been described, for breast 
cancer patients (7-15). It is also well known that most of these 
cells rest in the G 0 phase of the cell cycle (16), and it has been 
demonstrated recently (17) that micrometastatic breast cancer, 
cells show a considerable heterogeneity in the expression of 
carcinoma-associated cell-surface molecules including Her-2/ 
neu, CO 17-1 A, MUC-1, and Lewis Y . In addition to BM studies, 
enhanced serum levels of Her-2/neu were found in some pa- 
tients with Her-2/neu positive tumors, and this subset of patients 
had a worse prognosis than individuals not expressing Her-2/ 
neu in the primary tumor (18-20). Taking into account the 
reduced efficacy of chemotherapeutic agents in nonproliferating 
cells and the considerable heterogeneity of neoplastic cells, 
these data suggest that a combined therapeutic approach, includ- 
ing immunotherapy and purging of PBSC, might improve the 
survival. This approach was supported in clinical trials targeting 
Her-2/neu or the 17-1 A antigen in breast (21, 22) and colorectal 
cancer (23). Furthermore, purging of PBSC grafts from patients 
with breast cancer resulted in effective elimination of tumor 
cells (24, 25). 

In contrast to investigations with BM, the actual risk of 
tumor cell contamination of PBSC collections and its clinical 
significance have not been extensively investigated. Whereas 
Sharp et al. (26) showed that tumor cell contamination of PBSC 
conferred a worse prognosis, Stadtmauer et al. (27) demon- 



3 The abbreviations used are: HD, high-dose; BM, bone marrow; CK, 
cytokeratin; IMS. immunomagnetic separation; Mab, monoclonal anti- 
body; MNC, mononuclear cell; OS. overall survival; PBSC, peripheral 
blood stem cell: IC, immunocytochemistry; G-CSF, granulocyte colony- 
stimulating factor. 
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Table / Adjuvant therapy: characteristics of group 1 patients 



Characteristics 


No. of patients 


Total 


13 


Age [mean (range)] 


48 (46-54) 


Clinical staging 




II 


5 


III A 


4 . 


III B 


4 


Grading 




G 2 


8 


G, 


4 


n.d." 


1 


Histological type 




Infiltrating ductal 


8 


Infiltrating lobular 


4 


n.d. 


1 


No. of positive axillary lymph nodes 




Mean 


17/24 


Range 


.6/9-29/38 


Estrogen/progesterone receptor status 




ER+/PR+ 


7 


ER-/PR- 


1 


ER+/PR— 


4 


CP — /PRO- «. j 


1 


Menopausal status 




Pre 


4 


Peri 


4 


Post 


5 


Type of initial surgery 




Mastectomy 


10 


Breast-conserving surgery 


3 


Treatment 




High dose 


8 


Overall survival rate 


8/8 


.. _ Relapse .... . . _ 


4/8 


Standard therapy 


5 


Overall survival rate 


4/5 


Relapse 


1/5 



■ n.d., not determined. 



strated that contamination of PBSC was not correlated with 
decreased survival. 

At present, IC using CKs as epithelial marker proteins is 
the most common method for tumor cell detection with a sen- 
sitivity of one tumor cell among 10 6 marrow cells (28). Fur- 
thermore, IMS techniques have been developed for enrichment 
of epithelial cells from larger samples of mononuclear cells with 
subsequent detection of tumor cells by IC (29-32). 

In this study, we evaluated whether dose-intensive or HD 
chemotherapy can eliminate micrometastases in patients with 
locally advanced or metastatic breast cancer. For that purpose, 
BM and PBSCs were studied for CK-f /17-1A+ cells at primary 
diagnosis during and after therapy using IMS followed by IC. In 
addition, it was elucidated whether the measurement of the 
extracellular domain of Her-2/neu in serum samples is able to 
detect minimal residual disease before and after chemotherapy. 

PATIENTS AND METHODS 
Patients and Treatment 

Between June 1997 and June 1999, we studied 43 patients 
with locally advanced {n = 13) and metastatic breast cancer 
(n — 30) who were referred to the Department of Internal 
Medicine (Cancer Research), University Hospital of Essen. Pa- 
tient characteristics at the time of entry into the study are 
summarized in Table 1 and Table 2. All of the patients gave 
written informed consent for the investigations, including the 
BM aspirations. 

Pretreatmenf Staging 

Staging procedures included computed tomography of 
head, chest, abdomen, and pelvis, radionuclide bone scan, and 
iliac crest bone biopsy (optional) plus BM aspiration and tumor 
marker evaluation. Additional radiological tests or biopsies of 
suspicious lesions were done individually according to the find- 
ings of the staging examinations. 

Mobilization Chemotherapy 

The patients described in this report were treated according 
to three different protocols for high-risk (group 1) and meta- 
static breast cancer (group 2), implying three different mobili- 
zation regimens. Patients treated in an adjuvant setting and those 
with resectable lesions not pretreated with anthracyclines re- 
ceived three cycles of epirubicin (45 mg/m 2 ; day 1 and 2) and 
cyclophosphamide (600 mg/m 2 ; day 1 and 2) plus G-CSF (fil- 
grastim at 5 M-g/kg of body weight or lenograstim at 150 p.g/m 2 ) 
starting on day 5 until recovery of WBCs or until completion of 
stem cell collection. Treatment was repeated every 2 weeks, and 
PBSCs were collected after the second course of chemotherapy. 
Patients with metastatic disease who were pretreated with an- 
thracyclines in an adjuvant setting received three courses of 
Taxol (175 mg/m 2 ) and cisplatin (50 mg/m 2 ) plus G-CSF every 
2 weeks. Subsequently, cyclophosphamide (2 g/m 2 ) and G-CSF 
were given for stem cell mobilization. After stem cell collection, 
those patients with oligotopic recurrence were restaged and 
were assigned for either surgery or irradiation of the involved 
lesions. Within 24 h of surgery or in parallel with radiotherapy, 
folinic acid (500 mg/m 2 for 2 h) and 5-fluorouracil (2 g/m 2 for 



24 h) were applied on a weekly-times-six schedule before the 
patients received HD chemotherapy. 

Patients with advanced recurrent disease received three 
courses of doxorubicin (50 mg/m 2 ) and docetaxel (75 mg/m 2 ) 
plus G-CSF starting on day 3. Stem cells were collected after the 
second and. if necessary, third cycle of doxorubicin/docetaxel 
(German Breast Cancer Dose Intensity Study (GEBDIS) proto- 
col; Table 2). 

Stem Cell Collection and Flow Cytometry 

PBSC collection was performed with a Spectra blood cell 
separator (COBE BCT, Lakewood, CO). Flow cytometry anal- 
ysis was done on a Coulter Epics XL (Coulter Corporation, 
Hialeah, FL). Details of the procedures have been described 
elsewhere (33). 

Cry op reservation and Thawing of PBSC 

At the end of each stem cell apheresis, the collected cells 
were aliquoted to provide an equal amount of CD34 + cells for 
each course of HD chemotherapy, and the volume was brought 
to 44 ml/bag either by centrifugation and removal of excess 
plasma or by adding PBS without Ca 2+ and Mg 2+ (Department 
of Pharmacy, University of Essen). The minimum number of 
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Table 2 Metastatic disease: characteristics of group 2 patients 



Characteristics 


No. of patients 


Total 


30 


A or» [mp9n /rnrio^M 


43 (26-57) 


fMini/»al cfaoino Fit firct HificTnncic 
V. liniCal MaJZMig <ii him uiagiiuaio 




] 


6 


II 


11 


111 ' 


5 


III R 

111 p . 




IV. 


4 


n H " 

n.u. 


3 " ' 


Grading 




• ' 

VJ| 




r; • 
v 2 


1R 
1 o 


G 3 


8 


n.d. 


2 


, Histological type 




Infiltrating ductal 




Infiltrating lobular 


A 


; Site of metastasis 




Bone 




. Lung 


o 

O 


Liver 


i n 


Lymph nodes 


■ i~-t-J .. 


diner ^SKjn/ovary^ 


5 


No., of metastatic sites/patient 




1 

2 


i 
j 




2 




24 






T~ rj l /DO i 


1 o 


ER— /PR— 


o 

y 


ER+/PR — 


J 


ER— ./PR^-—- 




Menopausal status 




rre 


1 0 


Peri 


yt 
*f 


Post 


7 


Type of initial surgery 




Mastectomy 


1 /£ 
1 O 


Breast conserving surgery 


1 "X 
1 J 


n.a. 




Treatment 




GEBDIS Protocol 


17 


Overall survival rate 


8/17 


Complete remission 


1 


Partial response 


7 


No change 


3 


Progressive disease 


6 


Metastatic resectable disease 


13 


Overall survival rate 


7/13 


Complete remission 


6 


Partial response 


1 


No change 


2 


Progressive disease 


2 


a n.d., not detected; n.a., not applicable. 



CD34+ cells/kg body weight and course of HD chemotherapy 
was set to 1.5 to 2.0 X 10 6 with an additional back-up bag that 
was infused after the last course of HD chemotherapy. The 
procedure has been described in detail before (33). 

Thawing in a 37°C water bath and transfusion of the 
PBSCs were done at the patients' bedside after i.v. premedica- 
tion with antihistamines, cimetidine, and prednisone. Cells were 
transfused by i.v. push with a 50-ml syringe after taking samples 
for sterility tests. 



HD Chemotherapy 

All of the patients received two courses of HD chemother- 
apy. For those treated in the adjuvant protocol or for resectable 
disease, the first treatment consisted of cyclophosphamide (2 
g/m 2 for I h; day 1 to 3) and carboplatin (500 mg/m 2 for 1 h; day 
1 to 3). The second course consisted of thiotepa (200 mg/m 2 for 
1 h; day 1 to 3) and mitoxantrone (20 mg/m 2 for 1 h; day 1 to 
. 3). Stem cells were infused on day 5 of each course, and G-CSF 
(filgrastim at 5 u-g/kg of body weight or lenograstim at 1 50 
Hg/m 2 ) was started the same day until recovery of WBCs. 

Patients with unresectable advanced disease received at first 
etoposide (500 mg/m 2 for 4 h; day 1 to 3) t ifosfamide (4 g/m 2 for 
1 8 h; day 1 to 3), and carboplatin (500 mg/m 2 for 18 h; day 1 to 3), 
and then thiotepa (200 mg/m 2 for 24 h; day 1 to 4) arid cyclophos- 
phamide (1500 mg/m 2 for 24 h; day 1 to 4); Stem cells were 
reinfused on day 5 and 7, respectively, and G-CSF was started the 
same day until recovery of WBCs (GEBDIS protocol; Table 2). 

Treatment after HD Chemotherapy 

"Radfafion Therapy. Patients with stage in breast cancer 
received radiotherapy after completion of HD chemotherapy. Ex- 
ternal beam radiation consisted of 50 Gy to the chest wall and 
supraclavicular and infraclavicular lymph nodes. Parasternal lymph 
nodes were irradiated with 50 Gy in case of central or medial tumor 
localization. Patients undergoing lumpectomy received a boost to 
the primary breast site depending on the extension of the surgery 
and the results (tumor-free sites) of the pathological exami- 
nation. All of the other patients received radiation therapy 
-individually depending on the sites ofinvolvement. 

Hormonal Therapy. Premenopausal patients with posi- 
. tive hormonal receptors who were treated in an adjuvant setting 
received luteinizing hormone-releasing hormone agonists for 2 
years. Postmenopausal patients (based on patients' history or 
follicle-stimulating hormone serum level > 10 units/liter) re- 
ceived tamoxifen for 5 years. 

Patients with advanced recurrent disease received tamox- 
ifen for 5 years or until progression irrespective of their receptor 
status. Those who had been pretreated with hormonal therapy 
were switched to a different hormonal treatment. All of the other 
patients were treated individually based on the hospital oncolo- 
gists' decision. 

Sample Preparation. BM (10 ml) was aspirated under 
local anesthesia from the upper iliac crest from each patient by 
needle aspiration under the conditions of normal coagulation 
parameters. MNCs were isolated from heparinized BM {5000 
units/ml bone marrow) by Ficoll-Hypaque density gradient cen- 
trifugation (density, 1.077 g/mol; Pharmacia, Freiburg, Ger- 
many) at 400 X g for 30 min. Interface cells were washed 
(400 X g for 1 5 min) and resuspended in PBS. Using a Hettich 
centrifuge (Tuttlingen, Gennany), 2 X 10 6 cells (I X 10 6 /slide) 
were directly spun onto glass slides (400 X g for 5 min) coated 
with poly-L-lysine (Sigma Chemical Co., Deisenhofen, Germany). 

Positive IMS. If enough MNCs were available, epithelial 
cells were isolated from 1 X 10 7 to 3 X 10 7 MNCs using 
Dynabeads Anti-Epithelial Cell uniform, magnetizable polysty- 
rene beads (Dynal, Oslo, Norway), coated with a mouse IgGl 
monoclonal antibody (Mab Ber-EP4) specific for two (M r 
34,000 and 39,000) glycopeptide membrane antigens expressed 



on most normal and neoplastic human epithelial tissues, identi- 
cal with the tumor-associated 1 7- 1 A antigen. 

Samples of I X 10 7 to 3 X 10 7 MNCs or PBSCs were 
resuspended in 1 mi of separation medium, containing PBS with 
1% BSA. Prewashed dynabeads (10 x 10 6 ; bead to target cell 
ratio, 4:1). were added to the cell suspension and incubated at 
2-4°C on an apparatus that provides both gentle tilting and 
rotation for 30 min. Subsequently, the bead/cell suspension was 
placed on a magnet for 2. min. After discarding the supernatant^ 
the rosetted cells were isolated by removing the vial from the 
magnet and resuspended in 2 ml of PBS/BSA. Gytospins were 
performed as described under sample preparation. 

v IC. After overnight air drying, staining for CK+ cells was 
performed as already described (17) using the Epimet kit (Mi- 
cromet, Munich, Germany). The identification of epithelial cells by 
using this kit is based on the reactivity of the murine Mab A45-B/ 
B3, directed against a common epitope of CK polypeptides. The kit 
uses Fab fragments of the pan-Mab complex ed with alkaline phos- 
phatase molecules! Briefly, the method includes: (a) permeabiliza- 
tion of the ceils with a detergent (5 min); (b) fixation with a 
"fbrmaldehyde-based (10 min); (c) binding of the conjugate 

Mab A45-B/B3-alkaline phosphatase to cytoskeletal cytokeratins 
(45 min); and (d) formation of an insoluble red reaction product at 
the site of binding of the specific conjugate ( 1 5 min). Subsequently, 
the cells were counterstained with Mayer's hematoxylin for 1 min 
and finally mounted with aqueous permanent mounting medium 
containing 15 mM NaN 3 (Dako, Hamburg, Germany). A negative 
control antibody (conjugate of Fab-fragment; Micromet, Munich, 
Germany) served as a negative control. For each test, a positive 
control slide with the breast carcinoma cell line MCF-7 (American 
Type Culture Collecrion, Rockville, MD) was treated under the 
same conditions. The microscopic evaluation was carried out iri- 
dependendy by two investigators. 

Her-2/neu was determined using the Her-2/neu (c-erbB-2) 
sandwich enzyme immunoassay (Oncogene Science, Cam- 
bridge, MA),, which uses a mouse Mab for capture and a 
different biotinylated mouse Mab for the detection of human 
neu protein. Both capture and detector reagents specifically bind 
to the extracellular domain of neu protein. The capture antibody 
has been immobilized on the interior surface of microplate 
wells, to perform the test, serum (dilution, 1:50 in dilution 
buffer), controls, and standards were incubated in the coated 
wells for 3 h at 37°C to allow binding of the antigen by the 
capture antibody. After a wash cycle, the immobilized antigen 
was mixed with the detector antiserum for 1 h at 37°C. After a 
second washing cycle, the amount of detector antibody bound to 
antigen was measured by binding with a streptavidin/horserad- 
ish peroxidase conjugate, which catalyzed the conversion of the 
chromogenic substrate o-phenylenediamine into a colored prod- 
uct. This colored product was quantitated by spectrophotometry 
and related to the amount of neu protein in the sample. 

Evaluation of Data. Patients were evaluated as tumor 
cell positive if at least one CK+ cell was detected as analyzed 
by IC. 

RESULTS 

We studied CK+/17-1A+ cells in the BM and PBSCs of 
43 patients with locally advanced (/? = 13; group 1) or meta- 
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Before Treatment After Treatment 

Fig. J Monitoring of CK+ cells in group 1 patients before and after- 
treatment. B r the number ofCK+ cells/2 X 1 0 6 MNCs. The table under 
the figure summarizes the results for Her-2/neu before and after treat- 
ment; neg, negative; NR, normal range. [' 



static breast cancer (/? = 30: group 2). The patient characteristics 
— and clinical outcome are evaluated in Tables 1 and 2. 

The results for micrometastatic cells in the BM and in 
PBSCs in group 1 patients before and after chemotherapy are 
shown in Fig. 1 and Table 3. With a median follow-up of 33 
months, the OS rate was 92% with relapse free survival of 91%. 
Immunocytochemical BM involvement before chemotherapy 
could be demonstrated in 3 of 13 (23%) patients. A complete 
follow-up could be obtained in 9 of 13 patients with no micro- 
metastatic cells found after chemotherapy in any patient analyzed. 

Table 3 shows the detailed results for tumor cell detection 
in each group 1 patient. PBSC grafts were found to be positive 
in 2 of 9 (22%) patients. Interestingly, patient 3 showed a high 
frequency of CK 4-/17-1 A+ ceils in PBSCs and in the BM 
before chemotherapy but no CK+ cells after therapy. Further- 
more, patient 12 had a high number of circulating CK+/17- 
1 A+ cells in PBSCs but was negative for these cells in the BM 
before chemotherapy. None of these patients, including patients 
8 and 9 with CK+ cells in the BM before chemotherapy, had a 
relapse up to now. A recurrence was only demonstrated for 
patient 2 after 1 2 months and patient 1 1 after 6 months, respec- 
tively. The epithelial cell surface antigen 17-1 A was found on 
CK+ cells in 2 of 3 patients before chemotherapy and in all of 
the patients with CK+ PBSC grafts. Interestingly, enhanced 
Her-2/neu levels could only be demonstrated for patient 7 before 
chemotherapy. 

The evaluation of micrometastatic cells and the results for 
soluble Her-2/neu for patients with metastatic disease are sum- 
marized in Fig. 2 and Table 4. With a median follow-up of 29 
months, the OS rate was 43% with relapse free survival of 1 5%. 
At the time of diagnosis, 18 of 30 (60%) patients were found to 



Clinical Cancer Research 158S 



30 



20 



I 



Bone Marrow 




Before Treatmc 



Scrum [mean (range)] 



Her-2/neu (NR: -ISng/fhl) 11 (6.1-19.94) 



86 Monitoring of Tumor Cells in High-Risk Breast Cancer 



Table 3 Adjuvant therapy: monitoring of group 1 patients 
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have CK+ cells in the BM. A complete follow-up was obtained 
in 10 of 30 patients with 4 of 10 (40%) patients remaining CK+ 
after chemotherapy. Markedly high levels were evaluated for 
Her-2/neu before chemotherapy. 

The detailed data for patients with metastatic disease are 
shown in Table 4 and are divided into data for patients with 
complete follow-up and patients with incomplete follow-up. Eval- 
uation was performed as indicated for patients with locally ad- 
vanced breast cancer. In total, tumor cell contamination of PBSCs 
by immunocytochemical staining was found in 7 of 24 (29%) 
patients and correlated with decreased OS in 5 of 7 patients. The 
17-1 A antigen was present on CK+ cells of 12 of 18 (66%) 
patients before therapy (not determined in six cases), on all of the 
CK+ PBSCs, and on 2 of 4 CK+ cells after therapy. Although the 
number of completely monitored patients before and after chemo- 
therapy was quite small, it is obvious that those patients (patients 
5-7) with tumor cell contamination of BM and/or the PBSCs as 
well as enhanced serum Her-2 levels only had a partial response or 
no change to chemotherapy. On the other hand, those patients with 
no or a low number of micrometastatic cells in the BM before and 
after chemotherapy and no contamination of PBSCs (patients 1-4) 
could achieve a complete remission. Twenty of 30 patients were 
not completely analyzed for micrometastatic cells in the BM be- 
cause of progressive disease, no application of a second course of 
HD chemotherapy, or refusal of marrow aspiration. As apparent 
from patients 14, 26, and 28-30, markedly enhanced numbers of 
CK+ cells in the BM and in PBSCs were associated with a rapid 
progress and short OS. On the other hand, tumor cell-free BM and 
PBSCs, as well as low Her-2 serum values, resulted in a mean 
overall survival of 30 months (patients 11, 16-18, and 23). 

Serum analysis in this study group demonstrated enhanced 
levels of Her-2/neu in 6 of 30 patients (20%), resulting in a 
partial response or progressive disease and a short overall sur- 
vival in most of the patients. 

DISCUSSION 

Various immunocytochemical assays for epithelial tumor 
cells, including our own, have been shown to detect as few as 
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Fig. 2 Monitoring of CK+ cells in group 2 patients before and after 
treatment. ■, the number of CK+ cells/2 x 10 6 MNCs. O values refer 
to the second scale (1-10,000). The table under the figure summarizes 
the results for Her-2/neu before and after treatment; neg, negative; NR, 
normal range. 



one tumor cell among 1 X 10 6 hematopoietic cells. IC using 
CKs, abundantly expressed as stable proteins in the majority of 
epithelial tumors, is currently the standard method for early 
detection of occult tumor cells in patients with solid tumors (28). 
Although it is still unclear whether this level of sensitivity is 
adequate, enrichment techniques can increase the sensitivity of 
tumor cell detection (29, 31, 32). 

We combined IMS with IC and detected CK+ cells in 23% 
of group 1 patients and in 60% of group 2 patients before 
chemotherapy. Whereas no CK+ cells were found in patients of 
group 1 after chemotherapy, 4 of 10 (40%) patients of group 2 
remained CK+ and 4 other patients who were positive before 
chemotherapy had negative aspirates afterward. After a median 
follow-up of 33 and 29 months, the OS rate was 92% in group 
1 patients and 43% in group 2 patients, respectively. Increased 
numbers of CK+ cells in the BM and in PBSC collections were 
associated with a rapid progress and short overall survival, 
whereas patients with tumor cell-free BM and PBSCs, as well as 
low Her-2/neu serum values, had a mean overall survival of 30 
months. 

The fact that no CK+ cells could be detected in group 1 
patients and in some group 2 patients after therapy are contra- 
dictory to the results by Braun et ai (14). Our findings might 
have different reasons. On the one hand, only unilateral BM 
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aspirates could be obtained from most of the patients, so that we 
might have some false-negative results. On the other hand, we 
cannot exclude that tumor load is below our sensitivity of tumor 
cell detection, especially in group 1 patients. Furthermore, al- 
though enrichment of tumor cells was performed in most cases, 
the results obtained in our group in cell culture models differ 
from those in clinical samples. This might be explained by the 
construction of the beads carrying only one antibody against one 
epitope on tumor cells, so that because of the antigenic hetero- 
geneity of tumor cells, especially in breast cancer, tumor cells 
expressing other epitopes will not be caught by our technique. In 
the future, "cocktails" of beads, directed against a variety of 
antigens, may overcome this problem. Nevertheless, the pres- 
ence of CK+ cells after therapy in group 2 patients indicates 
that tumor cells can survive HD chemotherapy. 

In patients with metastatic disease, high numbers of CK+ 
cells were also shown in smdies by Cooper et al. (34), who 
found 60-80% of microscopic tumor in histologically normal 
BM harvests. In this study, as well as in our setting, the majority 
of patients developed progressive disease in prior metastatic 
sites, which suggests that inadequate cytoreduction rather than 
seeding of new tumor sites was the reason for treatment failure. 



Thus, CK positivity of the BM after therapy may be suitable to 
predict response to systemic therapy. 

Tumor cells still present after chemotherapy may as well be 
a result of reinfused PBSCs contaminated with tumor cells. To 
address this question, we also analyzed the PBSC samples for 
circulating CK+ cells. The overall detection rate in both patient 
groups was 27% (9 of 33 patients), with the highest probability 
being documented in patients with metastatic breast cancer. 
Similar detection rates for tumor cell contamination in PBSCs 
were found by three other groups studying CK+ cells in PBSCs 
(25, 27, 35). In contrast to studies with BM, the relationship 
between tumor cell contamination of PBSCs and its clinical 
significance has not been extensively investigated. Whereas 
Sharp et al (26) showed that occult tumor cell contamination of 
PBSCs conferred a worse prognosis, Stadtmauer et al. (27) 
demonstrated that contamination of PBSCs was not correlated 
with decreased survival. The latter findings are in accordance 
with our data for group 1 patients with contaminated PBSC 
collections but no evidence of disease after a follow-up time of 
39 and 32 months, respectively. In addition, the same tendency 
could be shown in two of seven group 2 patients who are still 
alive after a follow-up time of 33 and 38 months, respectively. 



8 Monitoring of Tumor Cells in High-Risk Breast Cancer 



Although progenitor cell collections were not analyzed for clo- 
nogenic tumor cells, it appears likely that not all of the tumor 
cells detected by 1C are able to grow in vitro (36). Furthermore, 
it is not known whether tumor cells in PBSCs can survive after 
cryopreservation in DMSO (10%). In addition, host immune 
factors may be important in eliminating small numbers of re- 
sidual tumor cells. 

In some other studies, the role of contaminated PBSC 
collections in stage IV breast cancer patients is discussed con- 
troversially. One study (37) supports the hypothesis that rein- 
fused cells that were not exposed to HD chemotherapy and did 
not develop multidrug resistance may contribute to relapse. In 
contrast to these studies, Cooper et al. (34) postulated that the 
degree of tumor cell contamination may be rather a biological 
marker of residual tumor burden than contribute directly to relapse. 
Alternatively, this group postulated that there could be a threshold 
above which reinfused tumor cells confer a worse prognosis. 

Data by Ross et ai (36) support the current opinion that 
PBSC collections may be preferred to BM as source of hema- 
topoietic stem cells for autologous transplantation because of a 
lower degree of tumor cell contamination. This also holds true 
for our trials that identified 2 of 3 CK+ BM patients in group 1 
and 9 of 15 CK+ BM patients in group 2 with no CK+ cells in 
their stem cell grafts. Only two patients without immunocyto- 
chemically detectable BM involvement (patient 12 in group 1 
and patient 7 in group 2) had PBSC micrometastases. Thus, only 
in some instances, BM may provide a less contaminated source 
of hematopoietic stem cells. 

The heterogeneity of solid tumors (different cell-cycle, 
phase; mechanisms of resistance) poses a problem for all kinds 
of therapy and limits the chance of complete elimination of all 
of the residual tumor cells. The success of chemotherapy, aimed 
at proliferating cell populations, may be limited by the fact that 
many of the residual systemic tumor cells may be nonprolifera- 
tive or dormant (16). In this context, Braun et ai (17) showed 
the heterogeneity of antigen expression in breast cancer, result- 
ing in CK+/17-1 A-f- and CK+/Her-2/neu + cells present in the 
BM before therapy. Furthermore, the persistence of isolated 
tumor cells in the BM after chemotherapy with taxanes and 
anthracyclines in high-risk breast cancer patients was shown to 
be an independent predictor for reduced overall survival in a 
multivariate analysis (14). Our study provides a first insight into 
the changes in the pool of micrometastatic cells during HD or 
intensified chemotherapy. We clearly demonstrate that micro- 
metastatic cells survive even high doses of chemotherapy as 
demonstrated by the analysis of PBSCs and BM. Furthermore, 
most of the residual cells express the immunotherapeutic anti- 
gen 17-1 A on their surface. Her-2/neu, as one further candidate 
for antibody-based immunotherapy, was not analyzed on these 
residual cells but has been demonstrated to be present on breast 
cancer cells before chemotherapy (16, 17). In addition, overex- 
pression of Her-2/neu before chemotherapy was associated with 
partial response or progressive disease, and it has been sug- 
gested that blood-borne Her-2/neu-CK clustered cells are the 
possible precursors of distant metastases (38). In our study, the 
role of Her-2/neu could be demonstrated by serum analysis of 
Her-2/neu. Although enhanced levels could be demonstrated in 
patients with metastatic disease before chemotherapy, the meas- 



urement of Her-2/neu in sertrt? samples is not able to detect 
residual disease after chemotherapy. 

Thus far, however, the first encouraging results of Phase II 
trials with HD chemotherapy have not been confirmed in ran- 
domized studies. Whereas Stadtmauer et al. (3) and Rodenhuis 
et al. (4) could not show any benefit of HD chemotherapy as 
compared with conventional treatment in patients with meta- 
static disease, this issue seems to be not yet definitely resolved 
in patients with locally advanced disease, and the final results of 
ongoing trials must be awaited. Although the use of HD chem- 
otherapy with PBSC support has been questioned recently, 
follow-up and prospective clinical trials will have to prove the 
clinical relevance of micrometastatic cells in PBSCs and BM 
even after HD chemotherapy. Nevertheless, in upcoming clini- 
cal trials, the characterization of residual cells might help to 
identify those patients who could benefit from additional cell 
cycle-independent treatment protocols. Among several propos- 
als, antibody-based immunotherapy targeting the 17-1 A antigen 
or Her-2/neu has been proposed recently as an effective treat- 
ment in breast (21, 22) and colorectal cancer (23). Furthermore, 
purging of stem cell grafts from breast cancer cells resulted in" 
effective elimination of tumor cells (24, 25). 
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